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ABSTRACT

The military currently has a large inventory of obsolete

conventional munitions and waste propellants generated during

the manufacturing process. The current alternatives to storage

are open burning/open detonation (OB/OD) and incineration to

slowly reduce the inventory of these materials. The impact of

OB/OD operations on the environment is under intense scrutiny by

regulatory agencies and whether or not they will be allowed to

continue in their current form is unknown. Incineration is

costly and does not utilize the energy content of the

propellants. The United States Army Toxic and Hazardous

Materials Agency (USATIIHAA) is currently conducting a program

with Tennessee Valley Authority's National Fertilizer and

Environmental Research Center to determine the feasibility of

utilizing propellants as supplemental fuels for the U.S. Army's

industrial combustors. Disposing of obsolete and waste

propellants in this manner could be both cost-effective and

environmentally sound, and as an added benefit, would utilize

the energy value of these materials.

The propellant studied during the initial project in this

program was a nitrocellulose containing 13.15 percent nitrogen

by weight. A series of laboratory tests were conducted to

evaluate the physical and chemical characteristics, as well as

the chemical compatibility, of nitrocellulose-solvent-No. 2 fuel

oil solutions. These tests were based on previous work by

USATHAMA to determine the feasibility of using explosives as

supplemental additives to fuels for the recovery of energy from

these compounds. Preliminary testing on the explosives TNT and

RDX were encouraging. The methods used to introduce these

explosives as a fuel additive included solvation and mixing with

No. 2 fuel oil. Unfortunately, the tests outlined above using

the propellant nitrocellulose indicated that such solvation

Propellant-No.2 Fuel Oil Slurries U.S. Army
As Supplemental Fuels i USATHAMA
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and mixing with No. 2 fuel oil is questionable from a cost

standpoint due to the low solubility of this material. However,

an economic analysis did indicate potential cost effectiveness

using propellant-No. 2 fuel oil slurries as supplemental fuels.

The second project in the supplemental fuels program was

undertaken by Tennessee Valley Authority-National Fertilizer and

Environmental Research Center to assess the technical, economic,

and safety aspects of using propellant-No. 2 fuel oil slurries

as supplemental fuels. The materials studied during this

project were nitrocellulose, nitroguanidine, and AA2 double-base

propellant. Once again, a series of laboratory tests were

conducted to evaluate the physical and chemical characteristics,

as well as the chemical compatibility, of propellant-No. 2 fuel

oil slurries. Wet-grinding of the AA2 propellant with No. 2

fuel oil was required to prepare slurries suitable for testing

since the AA2 propellant was received in the form of paper-thin

shavings. The nitrocellulose and nitroguanidine were received

as finely-divided powders that were easily dispersed in No. 2

fuel oil without grinding to prepare slurries suitable for

testing. The physical characteristics of the propellant-No. 2

fuel oil slurries studied during this project were solubility,

density, viscosity, and particle-size distribution. Chemical

characteristics studied were flash and fire points, heat of

combustion, and emissions, while differential scanning

calorimetry was used to assess the chemical compatibility of the

propellant-No. 2 fuel oil slurries. The results from these

laboratory tests, as well as from an economic analysis of the

process, will be discussed in this report. Propagation of

reaction testing of various propellant-No. 2 fuel oil slurries

is currently being conducted and will be published separately.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
As Supplemental Fuels ii USATIIAA
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I. SUMMARY

1.1 Obectives

The objective of this project is to assess the technical and

economic feasibility, as well as the safety aspects, of using

waste propellants as supplemental additives to fuels for the

recovery of energy from these compounds. This project

represents a logical extension of a previous program conducted

by the United States Army Toxic and Hazardous Materials Agency

(USATHAMA) to develop methods and procedures for utilizing waste

explosives [primarily TNT and Composition B (60 percent RDX,

39 percent TNT, and 1 percent wax)] and propellants

(nitrocellulose) blended with a solvent and No. 2 fuel oil as a

supplemental fuel in the United States Army's industrial

combustors. Preliminary testing on the explosives TNT and RDX

have been encouraging. Preliminary testing using the propellant

nitrocellulose indicated that such solvation and mixing with

No. 2 fuel oil was not cost effective. Only relatively small

amounts (2-3 percent by weight) of nitrocellulose could be

incorporated in the solvent-No. 2 fuel oil mixture without

increasing the viscosity of the resulting

nitrocellulose-solvent-No. 2 fuel oil solution beyond the

maximum value which a conventional oil burner could conceivably

handle. However, economic analysis did indicate potential cost

effectiveness using propellant-No. 2 fuel oil slurries as

supplemental fuels. There is no data to confirm the technical

feasibility of using such a slurry as a feed to an industrial

combustor.

1.2. Laboratory 8

In order to fill this data gap, an extensive series of

laboratory tests were conducted during the course of this

project to evaluate the physical and chemical characteristics,

Propellant-No. 2 Fuel Oil Slurries U. S. Army
As Supplemental Fuels 1-1 USATIIAMAi'



as well as the chemical compatibility, of propellant-No. 2 fuel

oil slurries. Based on the results obtained from the laboratory

tests, an economic analysis was performed using the

propellant-No. 2 fuel oil slurries which possessed the most

desirable physical and chemical characteristics for use as

supplemental fuels. The safety aspects of the process,

including propagation of reaction testing on propellant-No. 2

fuel oil slurries, will be published separately.

1.3 Propellnts

The propellants studied during this project were nitrocellulose,

nitroguanidine, and AA2 double-base. The nitroguanidine was

supplied as a dry (<I percent H20), finely-divided powder. The

nitrocellulose was received as a water-wet (28-29 percent H20),

finely-divided powder, while the AA2 propellant was supplied as

paper-thin shavings of various lengths. Nitrocellulose-No. 2

fuel oil slurries containing 5-15 percent by weight of the

propellant were prepared from water-wet material, as well as

from nitrocellulose that was dried to <1 percent H20 content.

Nitroguanidine-No. 2 fuel oil slurries were prepared that

3contained 5-15 percent by weight of the propellant. The AA2

propellant was wet-ground with No. 2 fuel oil to produce

slurries containing 5-30 percent by weight of the propellant.

The particle-size distributions of the AA2 propellant-No. 2 fuel

oil slurries were similar to those reported previously for

explosives-No. 2 fuel oil slurries.

3 1.4 _haracteristics

1.4.1 Physical Characteristics

The physical characteristics of the propellant-No. 2 fuel oil

slurries described above were evaluated by measuring the

Propellant-No. 2 Fuel Oil Slurries U. S. Army
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solubilities, densities, and viscosities of these samples at

25°C, 450, and 650. AA2 propellant is slightly soluble in

No. 2 fuel oil (0.016 g/ml @ 6500), while nitrocellulose and

nitroguanidine are insoluble (<0.010 g/ml @ 650C). Densities

were measuved and this data was used to calculate viscosities

and certain parameters in the economic analysis. Viscosity

measurements at 650 indicated that for nitrocellulose

(dried)-No. 2 fuel oil slurries, the viscosity of the

supplemental fuel would exceed that capable of being fed to a

conventional oil burner (i.e., approximately 30 centistokes)

when the weight percent nitrocellulose content in the No. 2 fuel

oil exceeded 7.5 percent. Similarly, for nitrocellulose

(water-wet)-, nitroguanidine-, and AA2 propellant-No. 2 fuel oil

slitrries, the viscosities of these supplemental fuels exceeded

that capable of being fed to a conventional oil burner when the

weight percent propellant content in the No. 2 fuel oil exceeded

10 percent.

1.4.2 Chemical Characteristics

The chemical characteristics of the propellant-No. 2 fuel oil

slurries described above were evaluated by measuring the flash

points, fire points, heats of combustion, and emissions from

these materials. The flash and fire point measurements showed

that each propellant-No. 2 fuel oil slurry mray be classified as
"combustible". The heat of combustion values measured

experimentally for each propellant studied averaged

approximately 4,300 Btu/Ib; when these materials were added to

No. 2 fuel oil, the heat of combustion calculated for the

resulting propellant-No. 2 fuel oil slurry was less than that

for No. 2 fuel oil only. Finally, the major emissions to be

expected from burning propellant-No. 2 fuel oil slurries as

supplemental fuels, assuming complete combustion of the No. 2

fuel oil component, are carbon dioxide (002) and water (1120).

Propellant-No. 2 Fuel Oil Slurries U. S. Army
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Small amounts of nitrogen oxides (NOx), ammonia (NH3 ), hydrogen

(H2), nitrogen (N2 ), carbon monoxide (CO), and lead oxides are

also expected to be emitted from the propellant components.

1.4.3 Compatibility

The chemical compatibility of selected propellant-No. 2 fuel oil

slurries was assessed by a thermal analysis technique known as

differential scanning calorimetry. This technique showed that

the chemical stability of the propellants was only slightly

affected by blending them with No. 2 fuel oil. Propagation of

reaction testing on the propellant-No. 2 fuel oil slurries is

currently being performed by Hercules, Inc. As mentioned

earlier, the results from these tests will be published

separately.

1.5 Economic Analysis

The economic analysis showed that fueling combustors with 10

percent by weight nitrocellulose-, nitroguanidine-, or AA2

propellant-No. 2 fuel oil slurries as supplemental fuels could

be a cost effective process; costs per ton for burning these

slurries averaged $350, while the cost per ton for open

burning/open detonation (OB/OD) disposal of propellants

currently ranges from $300-$813. The limit of 10 percent by

weight concentration of propellant in the slurry is based on the

viscosity that could be handled by a conventional, unmodified

oil burner. In addition, the economic analysis also indicated

that burning propellant-No. 2 fuel oil slurries as supplemental

fuels could be a cost-effective, viable option for disposing of

large quantities of these materials if the Army's industrial

combustors were retrofit with burners capable of handling a fuel

with a viscosity double that capable of being fed to a

conventional, unmodified oil burner.
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1.6 Conclusions and Recommendations

The major conclusion of this project and recommendations for

additional work, based on the chemical and physical

characteristics tests, the chemical compatibility tests, and the

economic analysis of using various propellant-No. 2 fuel oil

slurries as supplemental fuels is as follows:

1. From a technical standpoint of using a conventional oil

burner, it would be feasible to use 7.5 percent by weight

nitrocellulose-, 10 percent by weight nitroguanidine-, and

10 percent by weight AA2 propellant-No. 2 fuel oil slurries

as supplemental fuels for the Army's industrial combustors.

If a modified oil burner could be identified that could burn

a supplemental fuel with, for example, twice the viscosity

that a conventional oil burner could handle, then it might

be feasible to burn 15 percent by weight nitroguanidine- and

20 percent by weight AA2 propellant-No. 2 fuel oil slurries

as supplemental fuels. The economic advantage of using

these latter slurries as fuels could easily offset the costs

associated with retrofitting the Army's industrial

combustors to handle more viscous feeds than is currently

possible with conventional oil burner technology.

1.7 Future Work

As stated in the test plan for this project, future work will

include testing to find suitable means for incorporating single-

(nitrocellulose) and double-base (AA2) propellants into a

propellant/coal matrix stable under storage and firing.

Tennessee Valley Authority's extensive experience with

granulation technology as applied to fertilizer materials will

be utilized during this phase of the project. In addition, we

recommend that modified oil burners capable of burning
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supplemental fuels with viscosities greater than the 30

centistoke upper limit for a conventional burner should be

identified and the technical and economic feasibility of

applying them to the supplemental fuels project should be

I,
II
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II. INTRODUCTION

2.1 General

This report provides a technical and economic evaluation of the

feasibility for using waste propellant-No. 2 fuel oil mixtures

as supplemental fuel for burning in military combustors. The

study was conducted under contract TV-79416 by the Tennessee

Valley Authority during the period of November 19, 1990 to May

15, 1991.

The military currently has a large inventory of acceptable

propellants which are obsolete due to changes in the weapon

systems for ihich the propellants were originally produced.

Additional quantities of waste propellants, i.e., propellants

that do not conform to ballistic, chemical, or physical

specifications, are generated during the normal process of

manufacturing these materials. For example, according to the

Environmental Conference proceek'ings of the "Hazardous Waste

Minimization Interactive Workshop" sponsored by the Army

Materiel Command in November 1987, 158,000 metric tons of

obsolete conventional munitions are in the demilitarization

inventory with a total of 249,000 metric tons projected by the

year 1993.

Currently available options for disposing of obsolete or

out-of-specification propellants are open-air burning, open-air

detonation, or incineration (1,2). At the Radford Army

Ammunition Plant alone, 88 metriL 1.-tis of .olvent-based

propellants (single-, double-, or triple-base) are slowly being

disposed of by Open Burning/Oper, Detonation (OB/OD) or

incineration. However, these options are being severely

constrained due to increased pressure from local, state, and

national environmental groups and agencies. For example,
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disposing of waste eneigetic compounds has come under scrutiny

as a consequence of the end in interim status for incinerators

under the Resource Conservation and Recovery Act (RCRA). OB/OD

of energetic wastes requires a Subpart X permit. Subpart X

operations remain under interim status until November 1992. At

that time, whether or not c. P perations will be allowed to

continue in their curre;- , 0 -. ;s unknown (3).

The United States Army Toxic -und Hazardous Materials Agency

(USATHAMA) is currently conc...ting a program to develop methods

and procedures for utiliziin. aste explosives and propellants as

supplemental additives to £,°Ks for the recovery of energy from

these compounds. Preliminary testing on the explosives TNT and

RDX have been encourac ng. The method used to introduce these

explosives as a fuel additive involves solvation and mixing uith

No. 2 fuel oil (4). Preliminary testing using the propellant

nitrocellulose indicates that such solvation and mixing with

No. 2 fuel oil is not cost effective due to the fact that only

relatively small amounts (approximately 2-3 weight percent) of'I nitrocellulose can be incorporated in the solvent-No. 2 fuel oil

rrJxture without increasing the viscosity of the resulting

nitrocellulosel..vent-No. 2 fuel oil solution beyond the

maximum value which a conventional oii burner could conceivably

handle (5). However, an economic analysis did indicate

potential cost effectiveness of -in alternative process usin.g

propellant-No. 2 fuel jil slurries as supplemental fuels. There

is no data to confirm the technical feasibility of using such a

slurry as a feed to an industrial combustor.

The following introductory sections will describe the

manufacturing process and the chemical and physical

characteristics of each type of propellant and the common base

5l ingredients found in each formulation.
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2.2 Qomoosition and Methods of Preparation-and Properties of

Proplants

2.2.1 Maijor Cmponents of Typical Propellnts

Three types of propellant are used in military o:dnaace:

single-, double-, and triple-base. These propellants contain at

least one of three common base ingredients: nitrocellulose,

nitroglycerin, and/or nitroguanidine. Single-base proneilant

contains predominantly nitrocellulose; double-base propellant is

a solution of nit oglycerin plasticizer in nitocellulose; and

triple-base propellant contains nitrocellulos(, nitroglycerin,

and nitroguanidine, Different grades of nitrc-ellulose,

containing different weight percent nitrcgen contents are used

in the manufacture of each type of propellant. For example,

triple-base propellant is manufactured with 12.6 percent

nitrogen nitrocellulose, while single-base propellant is

manufactured from a blend of 12.5- and 13.4-percent nitrogen

nitrocellulose. For a single-base propellant, 85-98 percent of

the composition consists of nitrocellulose; for a double-base

propellant, the fr--tion of nitrocellulose decreases to 55-78

percent, while for a triple-base propellant, only about 20-28

percent of the composition consists of nitrocellulose.

Stabilizers are frequently incorporated into nitrocellulose-

based propellants to promote long-term stability and prolong the

safe storage life of these materials. The chemical compounds

which have traditionally been used fur this purpose are basic

compounds such as amines or ureas. Typical examples include

diphenylamine (DPA), 2-nitrodiphenylamine (2-NDPA), and 1,3

dietbyl-l,3-diphenyl urea (Ethyl Centralite). The structures of

these compounds are shown on the following page. Alkali salts

are s.;metimes added to suppress "afterburning" (in rockets) aiid

"muzzle flash" (in guns) caused by the subsequent burning in air
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DPA 2-NDPA Ethyl Centralite

of the combustion products CO and H2. Examples of these alkali

salts include barium nitrate, potassium nitrate, potassium

sulfate, and lead carbonate.

The chemical analyses of ;arious propellant types may be found

in the literature. Since the only true propellant used in this

study is the AA2 material, we were mainly interested in the

chemical analyses of double-base propellants. A list of

multi-base propellant ingredients and t ei.r functions is

presented in Table 2-i.

General solubility characteristics for various propellant

ingredients were also compiled from the literature. Based on

this information, the propellant ingredients may be separated

into four groups: hydrophilic, organophilic, insoluble, and

others as shown in Table 2-2.

32.2.2 Nitr~el~uj q

2.2.2.1 ahe n dbmcyj_ inndhicalPrties of Nitroelljuos. (6)

Nitrocellulose is a cellulose derivative and its solid structure

strongly resembles the cellulose from which it is derived. In

the manufacture of military-grade propellants, the cellulose
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Table 2-1. Multi-Base Propellant Ingredients and Functions

Ingredient Function

Nitrocellulose A base ingredient that is a binder. Yields gaseous
decomposition products and energy.

Nitroglycerin A base ingredient that yields gaseous decomposition
products and energy.

Nitroguanidine A base ingredient that yields gaseous decomposition
products and energy. Gases are cool and much less
gun barrel erosion is obtained than with other
propellant bases.

Dibutylphthalate Plasticizer. Peptizes binders such as nitrocellulose
(DBP) so that fibers form plastics such as propellant.

Improves mechanical properties such as promoting
increased elongation. Decreases energy.
Decreases hygroscopicity.

2-nitrodiphenyl- Stabilizer. Acquires decomposition products to
amine (2-NDPA) inhibit decomposition and decreases energy.

(Also acts as rate modifier.)

Ethyl centralite Stabilizer. Acquires decomposition products to
(EC) inhibit decomposition and decreases energy.

Potassium sulfate Flash and smoke reducers to inhibit completion of
Barium nitrate combustion and reduce flash (associated with radar

detection). Particle size is important. Provides

some energy.

Cryolite Flash reducer, insoluble in water. Therefore,
cryolite is good for slurry mix operations.

Graphite (glaze) Acts as a lubricant, thereby increasing loading
density. Also acts as a conductor-for static
electricity.

Carbon black Increases rate of burning. Opacifies and prevents
subsurface burning.

Acetone Gelatinizes (peptizes) nitrocellulose so that other
ingredients can be bound into it.

Water Used in propellant manufacturing to keep
nitrocellulose wet and to purify. Keeps nitrocellulose

fibers from becoming tightly knit. Aids in cross
linking nitrocellulose so that processing is

facilitated.
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Table 2-2. Separation of PropellantInrdients intoCGrouDI

Hydrophili Qrganoohilic

Potassium nitrate Dinitrotoluene

Barium nitrate Dibutylphthalate

Potassium perchlorate Diphenylamine

Lead carbonate 2-nitrodiphenylamine

Potassium sulfate Ethyl centralite

Graphite Nitrocellulose (12.6% N)

Carbon black Nitrocellulose (13.15% N)

Cryolite Nitroguanidine

source from which the nitrocellulose is prepared is cotton

linters. Cotton linters are the material remaining on or

attached to cotton seeds after the more valuable cotton hairs

have been removed. Typical nitrocelluloses are high molecular

weight (105-106 g/mole) polymer chains composed of

anhydroglucose units, each containing up to three nitrate

groups. Two such units for fully nitrated cellulose are shown

below.

6
CH 2ONO 2  CH 2ONO 2

4 0N
2 0

22

Fully Nitrate _(14.15 Percent Nitrog nN ii _i_
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The chemical reaction which converts the cotton linters to

nitrocellulose is actually not a nitration but an esterification

reaction. In each glucose residue of the cellulose chain, there

are three hydroxyl (-OH) groups, two secondary and one primary,

which theoretically could result in the formation of one or more

definite ccmpounds corresponding to the successive nitration of

each type of hydroxyl group in each residue. In practice,

however, no such distinction of mono- or dinitrate can be made

with certainty and there is no valid evidence to suggest that

even the primary hydroxyl group is different from the two

secondary groups in regard to their relative reactivity with

nitric acid. A representative formula for nitrated cellulose

may be written as C6H7(OH)x(ON02)y where x + y = 3. The

mononitrate, x = 2 and y = 1, has a nitrogen content of 6.76

percent; the dinitrate, x = I and y = 2, has a nitrogen content

of 11.11 percent; and the trinitrate, x = 0 and y = 3, has a

nitrogen content of 14.14 percent.

The nitrogen content determines the chemical and physical

properties of any particular nitrocellulose. In fact, the great

majority of nitrocelluloses which are useful for industrial

purposes have nitrogen contents not very far removed from

12.0 percent. The more highly nitrated variety containing from

12.9- to 13.5-percent nitrogen content, which is made for

incorporation into military propellants, is known by the

traditional name of "guncotton". Nitrocelluloses used in

propellants contain 12-13.2 percent nitrogen by weight and

consequently, still have a significant number of unnitrated

hydroxyl groups randomly distributed along the polymer. In

nitrocellulose with less than 14.14 percent nitrogen, the NO2
groups are distributed randomly along the entire length of the

cellulose polymer, so x and y should be regarded as average

values over the entire length of the chain. These unreacted

hydroxyl groups strongly affect the physical and chemical

properties of the nitrocellulose polymer.
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2.2.2.2 Ikanufat ture of Nitrocellulose and Sin le-B APropeljants (6)

In the manufacture of nitrocellulose, the first step is the
pretreatment of the cellulose. Cotton linters that have been

suitably purified by washing with water are dried until the

moisture content is reduced from 6-7 percent to about 0.5

percent. The linters are then nitrated by the mechanical dipper

process which has displaced other, more hazardous processes.

The composition of the mixed acid used in this process varies

depending on the type of cellulose nitrate, the degree of

-nitration desired, and the season of the year. A typical mixed

acid composition for the preparation of guncotton from cotton

linters is 60.5 percent sulfuric acid, 24.5 percent nitric acid,

4.0 percent nitrosylsulfuric acid, and 11.0 percent water.

About 1,500 pounds of mixed acid are placed in a stainless-steel

nitrator at a temperature of 30°C. The nitrator is equipped

3with two vertical agitators revolving in opposite directions
that impart motion toward the center. Approximately 32 pounds

of cotton linters are added. The paddles of the agitator are

designed to imediately draw the linters below the surface of

the acid, away from the fume exhaust line. Nitration is

exothermic, so provisions must be made to prevent the

temperature from rising above 300C. When nitration has been

completed (about 20 minutes), the slurry is discharged through a

valve in the bottom to a centrifuge, where most of the mixed

acid is removed. The acid-wet, crude nitrocellulose is then

forked through an opening in the bottom of the centrifuge into a

drowning basin where rapid submersion in cold water takes

place. The nitrocellulose must then be stabilized and purified.

Five different grades of nitrocellulose are recognized and used

in the preparation of military propellants (Table 2-3).

Pyroxylin, which contains from about 8- to 12.3-percent

nitrogen, consists of light yellow, ratted fila=ents. When
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dissolved in 3 parts ether and 1 part alcohol, the solution is

pale yellow and viscous. Pyroxylin is also soluble in acetone

or glacial acetic acid and is precipitated from solution by

water. Pyroxylin is very flammable and is decomposed by light.

The pyroxylin used for military purposes contains 12.2+0.10

percent of nitrogen. Pyroxylin is the type of nitrocellulose

that was used in the manufacture of the AA2 propellant used in

this study.

Table 2-3. Military Grades of Nitrocellulose

Class Nitrogen. Percent

Grade A Pyrocellulose
Type I 12.60±0.10
Type II 12.60±0.15

Grade B Guncotton 13.35 minimum
Grade C Blended
Type I 13.15±0.05
Type II 13.25±0.05

Grade D Pyroxylin 12.20±0.10
Grade E 12.00±0.10

In the manufacture of single-base propellants, wet

nitrocellulose from the manufacturing process described above is

dhydrated. Dehydration is accomplished by pressing the

nitrocellulose at low pressure in order to squeeze out water,

adding 95 percent ethanol, and pressing at about 3,500 pounds

per square inch. A block containing 25 pounds of dry

nitrocellulose and about one-third that much of 90 percent

ethanol is obtained. The wet block is broken into small lumps

by means of a rotating drum containing iron prongs and a

screen. The nitrocellulose is traubferred to a water-cooled

dough mixer and, while in this operation, ether equal to

approximately two-thirds of the weight of dry nitrocellulose is

added. Any plasticizing agents and stabilizers to be included

in the composition are dissolved in or mixed with the ether
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prior to addition to the nitrocellulose. After addition of the

ether is complete, materials such as potassium nitrate are

added. Mixing of the ingredients is continued for about one

hour. A part- ly colloided mixture which resembles dry oatmeal

is produced. i .ter pressing this mixture into a block,

extruding it through a macaroni press, and re-pressing it into a

block again, a well colloided material is obtained. This is

placed in a graining press and extruded through a carefully

designed die by the application of pressure. The material

emerges as a cord with one or more cylindrical performations.

The cord is cut into pieces of predetermined length. Removal of

the volatile solvent, with shrinkage of the grains to their

final dimensions, completes the manufacture of most common

single-base propellants.

2.2.3 Nitroglycgrin

2.2.3.1 Chemical and Physical Properties of Nitroglycerin (6)

Nitroglycerin, glycerol trinitrate, or 1,2,3-propanetriol

trinitrate, shown below, is a clear, colorless, odorless, oily

liquid with a theoretical maximum density of 1.596 grams per

cubic centrimeter. Nitroglycerin has a sweet, burning taste and

a molecular weight of 227.1.

H2  H H2

I:I I I
C--C-C 0- O N02

02N-O0 -NO2

Structural Formula forNitro 1 cerin
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Nitroglycerin can be used as a solvent for other explosives; 35

grams of dinitrotoluene dissolve in 100 grams of nitroglycerin

at 200C and 30 grams of trinitrotoluene dissolve per 100 grams

at 200C. Nitroglycerin is used extensively in propellant

compositions as gelatinizing agent for nitrocellulose as well as

in dynamites and for the shooting of oil wells.

2.2.3.2 Manufacture of Nitroglysgrin-and Double-Base Propellants (6)

Nitroglycerin is manufactured by nitrating glycerin with a mixed

acid. Several processes are currently used in the United States

and Europe. The processes can be generally classified according

to whether they are continuous or batch production.

In batch production, high grade glycerol is added to mixed acid

that consists of 45- to 50-percent nitric acid and 50- to

55-percent sulfuric acid. The reaction between the glycerol and

mixed acid is carried out in a nitrator equipped with a

mechanical agitator and cooling coils that carry a brine

solution of calcium chloride at -20°C. A 6,800 pound charge of

mixed acid is placed in the nitrator and the glycerol is added

in a small stream. Stirring is continued for a few minutes

after the 50 to 60 minutes required to add the glycerol. Then

the nitroglycerin is allowed to separate completely. The lower

layer of spent acid is drained off to be recycled or otherwise

disposed of and the nitroglycerin is run off into a

neutralizer. An initial 40°0 water wash removes most of the

acid. Then a wash with a 2- to 3-percent sodium carbonate

solution neutralizes the residual acid. Washing with water is

continued until the water is free of alkali and the

nitroglycerin is neutral to litmus. The yield of nitroglycerin

is 230±5 parts by weight per 100 parts of glycerin.

I
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The chemistry involved in the continuous manufacture of

nitroglycerin is basically the same as that described for batch

processing except the equipment is designed to allow nonstop

production. The advantages of continuous processes are: faster

production, better process control, lower labor costs, and,

perhaps most important, safety: as a result of the smaller

accumulations of nitroglycerin at any given plant location. In

the United States the common practice is to nitrate mixtures of

glycol and glycerol. The nitration proceeds in the same manner

as with pure glycerol.

Double-base propellants are manufactured by two methods. The

solvent process is similar to that used for single-base

propellants except that a mixture of ethanol and acetone is used

as the solvent and the solvent recovery procedure is omitted

because of the hazard involved in recovering solvents containing

nitroglycerin.

The solventless process is used when the nitroglycerin and any

other colloiding agents constitute approximately 40 percent of

the composition. The AA2 propellant used in this study is

manufactured using the solventless process. In this process the

wet nitrocellulose (e.g., pyroxylin for AA2) is blended with the

nitroglycerin in a tank filled with water. Ethyl centralite is

mixed in and the bulk of the excess water is removed by

centrifuging. The resulting paste is put in cotton bags and

subjected to heated air currents to reduce the moisture

content. The remaining constituents are then blended with the

partially dried paste. Repeated rolling between heated steel

rollers removes the rest of the water and completes colloiding

of the nitrocellulose. The thickness of the sheet formed is

controlled carefully and varies with use. If the sheet is to be

cut into flakes for use in small arms or mortars, the thickness

is between 0.08 and 0.32 millimeter (0.003 and 0.0125 inch).

Propellant-No. 2 Fuel Oil Slurries U.S. Army
As Supplemental Fuels 2-12 USATHAMA



Sheets to be extruded in the form of large grains for use in

rockets may be as thick as 3.18 millimeters (0.125 inch). The

AA2 propellant shavings used in this study are the waste

material resulting from the latter extrusion process.

2.2.4 Nitroujj n_

2.2.4.1 Chemical and Phvi al Proverties of Nitrogianidine (6)

Nitroguanidine, shown below, is also known as picrite or

guanylnitramine. The compound has a nitrogen content of 53.84

percent, an oxygen balance to C02 of -30.8 percent, a

theoretical maximum density of 1.81 grams per cubic centimeter,

and a molecular weight of 104.1. The melting point of

nitroguanidine varies somewhat with the rate of heating. The

pure material melts with decomposition at 2320C, but values from

2200C to 250°0 are obtainable with various heating rates.

N02 HI I
H -N - C - N - HI Ii

NH

tructural Formula for Nitroguaniin

Because of the low temperature of explosion, about 2,0980C,

nitroguanidine is used in triple-base propellants that are

practically flashless and less erosive than nitrocetlulose-

nitroglycerin propellant of comparable force. When used by the

Germans in World War II in antiaircraft guns, a nitroguanidine

propellant increased the barrel life from 1,700 firings to about

15,000 firings,
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2.2.4.2 Manufacture of Nitroguanidine and Triple-Base Propellants (6)

Several methods for the preparation of nitroguanidine are

known. The earliest method was by the direct nitration of

guanidine thiocyanate with mixed acids. Guanidine thiocyanate

is one of the cheapest and easiest to prepare of the guanidine

salts. However, this method of production also produced sulfur

compound impurities which attacked and degraded the

nitrocellulose component. This lowered the stability of

propellant compositions to an unacceptable degree, thus

precluding early use of the compound as an ingredient in

nitrocellulose based propellants. A more pure form of

nitroguanidine that does not contain the sulfur compound

impurities can be prepared in one of several known ways. In one

method, equimolecular quantities of urea (H2NCONH2) and ammonium

nitrate (NH4NO3 ) are fused. The product is then recrystallized

from boiling water. The yield of this method is approximately

92 percent of the theoretical.

Another method of preparation involves heating a solution of

equimolecular quantities of cyanamide (H2NCN) and ammonium

nitrate (NH4NO3) to 1600C at a pressure of 200 pounds. The

product is then recrystallized from boiling water. The yield of

this method is approximately 88 percent.

A third method involves the production of guanidine nitrate as a

precursor to the nitroguanidine. Two reactions can be employed

to produce guanidine nitrate. The first reaction is the

reaction between guanidine (H2NC(=NII)NH 2 ) and nitric acid

(HN03 ). The second reaction is the reaction between

dicyandiamide (II2NC(=NH)NIICN) and ammonium nitrate (NI14N03). As

the guanidine or dicyandiamide can be produced from the raw

materials coke, limestone, atmospheric nitrogen, and water, the

production of nitroguanidine does not involve the use of special
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natural resources. However, a very large amount of electrical

energy is required for the production of dicyandiamide or

guanidine. Dehydration of guanidine nitrate to nitroguanidine

is affected by adding I part of the nitrate to 2.3 parts by

weight of sulfuric acid (95 percent), so that the temperature

does not rise above 10°0. As soon as all the nitrate has been

dissolved, the milky solution is poured into seven and one-half

parts of ice and water. The mixture is kept ice-cold until

precipitation is complete, when the nitroguanidine is filtered,

washed with cold water, and redissolved in 10 parts of boiling

water. The nitroguanidine recrystallizes when the solution

cools. The yield is approximately 90 percent of the theoretical.

The manufacturing process used for the nitroguanidine

triple-base propellants in the United States has been uniformly

solvent extrusion. The amount of solvent used is quite low so

the propellant is very soft during extrusion. The soft strands

may require partial drying before cutting in order not to deform

the cross section at the cut. Removal of solvent from the

triple-base propellant is rapid, possibly due to diffusion of

solvent within the grain along the crystal-plastic interfaces.

In order to make a good quality grain, lower drying temperature

gradients are used in order to avoid steep solvent gradients

which result in distortion and cracking.i,
I
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III. DISCUSSION OF RESULTS

3.1 PhysicalCharacteristics of Propell4t-No. 2 Fuel Oil Slurries

The first series of tests in this project were conducted to

determine the physizal characteristi,.; of propellant-No. 2 fuel

oil slurries. Initially, tests were conducted to determine the

feasibility of wet-grinding the AA2 propellant shavings with

No. 2 fuel oil to produce slurries suitable for subsequent

physical testing. The nitrocellulose and nitroguanidine

propellant samples did not require wet grinding prior to

dispersing them in No. 2 fuel oil to form slurries suitable for

testing. The solubility of each propellant in No. 2 fuel oil at

25*C, 45°C, and 65*C was then measured. Next, the particle-size

distributions of representative AA2 propellant-No. 2 fuel oil

slurries were measured. The settling rate for each

propellant-No. 2 fuel oil slurry was recorded. Finally, the

density and viscosity of each propellant-No. 2 fuel oil slurry

was measured at 25*C, 45°C, and 65 0C.

3.1.1 Characterization and Composition of Each Propellant Sample

Each propellant sample used in this project was supplied by the

Naval Ordnance Station in Indian Head, Maryland. Nitroguanidine

was supplied as a dry (<1 percent 1120), finely-divided powder.

As Figure 3-1 shows, some aggregation of the nitroguanidine

occurred during shipping and handling, however, these aggregates

were easily broken up when the nitroguanidine was dispersed in

the No. 2 fuel oil. A chemical analysis for percent carbon,

hydrogen, and nitrogen content confirmed the purity of the

nitroguanidine sample as greater than 99 percent.

The nitrocellulose was received as a water-wet (28-29 percent

1120), finely divided powder that contained 13.3 percent nitrogen

by weight. A photograph of this material at 2X magnification

Propellant-No. 2 Fuel Oil Slurries 3-1 U.S. Army
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shows the finely-divided nature of this material (Figure 3-2).

Finally, che AA2 propellant was supplied as paper-thin shavings

of various lengths (Figure 3-3), resulting from the extrusion of

the propellant sheets through a die to form large grains for use

in rockets. The composition of this propellant was kindly

supplied by Hercules, Inc., Rocket Center, West Virginia

(Table 3-1). This composition was confirmed by a chemical

analysis.

Table 3-1. Composition of the AA2 Propellant Formulation

Weight Percent in
iilnredient the-Formulation

Nitrocellulose
(12.2 percent nitrogen) 51.0

Nitroglycerin 38.6
Triacetin 2.7
Lead Salt 4.0
Dinitrophenylamine 1.6
2-Nitrodiphenylamine 2.0

Wax 0.1

3.1.2 Solubility Tests

I Nitrocellulose was fo)und to be insoluble (<0.010 g/ml) in No. 2

fuel oil at 25*C, 450, and 65°C. As was noted in a previous

report (5), the common paraffin hydrocarbons are very poor

solvents for not.-icellulose since they are practically devoid of

any polar groups within their molecular structure. As a general

rule, no substance is a solvent for nitrocellulose unless its

molecular structure contains a polar group. For example,

acetone, which contains a polar carbonyl oxygen (C=O) group, has

been shown to be one of the most effective solvent for

nitrocelluloses of various nitrogen contents.

Nitroguanidine was also found to be insoluble (<0.010 g/ml) in

No. 2 fuel oil at 250C, 450C, and 65°C. Nitroguanidine is

Propellant-No. 2 Fuel Oil Slurries 3-3 U.S. Army
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Figure 3-3. Photograph of AA2 Propellant Shavings (2x Magnification).
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Figure 3-4. Photograph of AA2 Propellant Shavings After Grinding in Fuel Oil (2x Magnification).
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slightly soluble in water and alcohol at 250C, but nearly

insoluble in ether at this temperature. The AA2 propellant was

found to be slightly soluble in No. 2 fuel oil at 250, 450C,

and 650, the solubility values being 0.0145, 0.0154, and 0.0163

g/ml, respectively. As was noted in Table 2-2, the amine- and

urea-based stabilizers 2-nitrodiphenylamine and ethyl centralite

are organophilic compounds and may leach from the AA2 propellant

into the No. 2 fuel oil.

3.1.3 Size Reduction and Particle-Size Distribution Tests

As was stated earlier, the AA2 propellant was received in the

form of paper-thin shavings of various lengths and sizes. In

order to produce a slurry suitable for subsequent physical and

chemical testing, the AA2 propellant shavings were wet-ground

with No. 2 fuel oil using an Ultra-Turrax T-25 grinder fitted

with an appropriate dispersing tool (see Section 5.2.2.2 for

details). The particle-size distribution from a representative

AA2 propellant-No. 2 fuel oil slurry prepared with this grinding

apparatus is given in Table 3-2. This particle-size

distribution was characteristic of each AA2 propellant-No. 2

fuel oil slurry and did not vary significantly as the weight

percent concentration of AA2 propellant in the No. 2 fuel oil

was increased from 5 to 30 percent. Figure 3-4 shows a

photograph taken at 2X magnification of the ground AA2

propellant after it had been filtered from the No. 2 fuel oil,

washed thoroughly with kerosene, and dried. This photograph

clearly illustrates the reduction in particle size for the AA2

propellant shavings capable of being attained with the

Ultra-Turrax grinder.

Propellant-No. 2 Fuel Oil Slurries 3-6 U.S. Army
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I
Table 3-2. Particle-size Distribution of AA2 Propellant

After Wet-Grinding in No. 2 Fuel Oil

Particle Size Amount Retained
(micron) (weight percent) Sieve Number
420 0.4 40
250 30.5 60
177 29.3 80
125 28.2 120
90 6.0 170
45 3.2 325
<45 2.4 <325

3-1.4 Settling Rates 9f Propellant-No. 2 Fuel Oil Slurries

3 Each propellant-No. 2 fuel oil slurry was allowed to settle for

approximately one week and the level to which the propellant had

settled was marked on the container. The respective slurry was

then shaken vigorously for 30 seconds to redisperse the

propellant in the No. 2 fuel oil. The amount of time elapsed

while the slurry settled to the marked position on the container

was then recorded. For the nitroguanidine-No. 2 fuel oil

slurries, a minimum of 60 minutes to a ma-ximum of 120 minutes

was required for a 5 and 15 percent by weight propellant-No. 2

fuel oil slurry to settle out, respectively. On average, for

both the nitrocellulose (dried)- and nitrocellulose

(water-wet)-No. 2 fuel oil slurries, 60 minutes was required for

the nitrocellulose in the slurries to settle out, irrespective

of concentration. Finally, for the AA2 propellant-No. 2 fuel

oil slurries, the elapsed time for the propellant to settle out

averaged less than 15 minutes.

3.1.5 Densities of Propellant-?o. 2 Fuel Oil Slrri

The density of each propellant-No. 2 fuel oil slurry was

3 measured at 25*C, 45*C, and 65*C with a mud balance according to

Prnpellant-41o. 2 Fuel Oil Slurries 3-7 U.S. Army
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ASTM D 4380-84 standard procedure (Appendix A). The results

obtained at each temperature for each type of slurry are

summarized in Table 3-3. The densities of these slurries

provide the data required for calculating the viscosity of each

slurry and some economic parameters as well. The viscosity data

is more informative and will be discussed in the following

section.

Table 3-3. Densitiesa of Propellant-No. 2 Fuel Oil Slurries
at 25!_. 45°C, and 650C

Density (gLml)
Propellant Wt. % Propellant 250

No. 2 Fuel Oil 0.0 0.851 0.826 0.812

Nitroguanidine 5.0 0.875 0.858 0.846
7.5 0.883 0.870 0.860

10.0 0.901 0.885 0.871
12.5 0.920 0.891 0.885
15.0 0.933 0.908 0.895

Nitrocellulose 5.0 0.875 0.855 0.826
(Dried at 7000) 7.5 0.886 0.872 0.840

10.0 0.898 0.880 0.852
12.5 0.908 0.886 0.870
15.0 0.939 0.896 0.883

I Nitrocellulose 5.0 0.872 0.859 0.847
(28% Water Content) 7.5 0.880 0.868 0.860

10.0 0.891 0.878 0.867
12.5 0.905 0.885 0.874
15.0 0.910 0.893 0.883

AA2 Propellant 5.0 0.879 0.864 0.854
10.0 0.899 0.885 0.872
15.0 0.924 0.903 0.891
20.0 0.943 0.926 0.911

25.0 0.968 0.948 0.930
30.0 0.983 0.966 0.952

aAll values are the average of three replicates.
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3.1.6 Viscosities of Propellant-No. 2 Fuel Oil Slurries

To obtain atomization in a standard, unmodified oil burner, it

has been determined that the viscosity of the oil should not

exceed a range of 20 to 30 centistokes at the burner tip (4).

At temperatures of 250C, 450, and 650C, the neat No. 2 fuel oil

exhibited viscosities of 5.3, 4.5, and 3.4 centistokes,

respectively.

The viscosity of each propellant-No. 2 fuel oil slurry was

measured at 25°C, 450C, and 65°C with a Brookfield Model DV-II

viscometer according to Method A, ASTM D 2196-86 and ASTM D

1439-83a standard procedures (Appendix A). The viscosity data

is summarized in Table 3-4. Two general observations can be

made based upon the data given in this Table: (1) the viscosity

of each propellant-No. 2 fuel oil slurry increases as the weight

percent concentration of propellant in the No. 2 fuel oil

increases; and (2) the viscosity of each propellant-No. 2 fuel

oil slurry decreases as the temperature is increased from 250

to 65'C.

Before a more in-depth analysis of the viscosity data from the

propellant-No. 2 fuel oil slurries can be presented, some

additional points need to be made regarding the accuracy of

viscosity measurements obtained from dispersions or slurries.

Dispersions or slurries, which are multiphase materials

consisting of one or more solid phases dispersed in a liquid

phase, display characteristics peculiar to multiphase

materials. These characteristics are discussed below.

3 One of the major characteristics to consider is the state of

aggregation of the sample material. Are the particles that make

up the solid phase separate and distinct or are they clumped

together; how large are the clumps and how tightly are they

Propellant-No. 2 Fuel Oil Slurries 3-9 U.S. Army
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Table 3-4. Viscositiesa of Propellant-No. 2 Fuel Oil Slurries
at 25°0. 450C and 650C

Viscosity (cs)
Propellant Wt. % Propellant 25 4 6_i

No. 2 Fuel Oil 0.0 5.3 4.5 3.4

Nitroguanidine 5.0 9.3 6.5 5.7

7.5 12.6 9.8 8.8

10.0 31.4 18.4 16.0

12.5 78.2 54.5 49.6

15.0 128.9 74.4 58.6

Nitrocellulose 5.0 15.9 10.5 8.7

(Dried at 700C) 7.5 53.5 30.4 25.0

10.0 156.4 95.6 80.9

12.5 381.5 203.2 180.5
15.0 454.8 243.5 220.8

Nitrocellulose 5.0 12.4 9.8 7.8

(28% Water Content) 7.5 29.9 17.7 14.9

10.0 54.3 40.1 33.6

12.5 149.9 110.9 98.2

15.0 341.9 240.5 188.0

AA2 Propellant 5.0 43.8 20.3 17.9

10.0 51.9 40.5 35.9

15.0 58.0 52.1 46.4

20.0 84.7 64.3 54.7

25.0 92.7 78.3 69.6

30.0 105.4 87.8 83.9

aAll values are the average of three replicates.

stuck together? If the clumps (flocs) occupy a large volume in

the dispersion, the viscosity of the dispersion will tend to be

higher than if the floc volume was smaller. This is due to the

greater force required to dissipate the solid component of the

dispersion. In fact, this provides support for the first general

observation noted above for the propellant-No. 2 fuel oil

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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slurries, namely, that the viscosity of each slurry increases as

the weight percent concentration of propellant in the No. 2 fuel

oil increases.

The shape of the particles making up the dispersed phase is also

of significance in determining a system's rheology. Particles

suspended in a flowing medium are constantly being rotated. If

the particles are essentially spherical, rotation can occur

freely. If, however, the particles are needle- or plate-shaped,

the ease with which rotation can occur is less predictable, as

is the effect of varying shear rates.

Finally, the stability of a dispersed phase is particularly

critical when measuring the viscosity of a multiphase system.

If the dispersed phase has a tendency to settle, producing a

non-homogeneous fluid, the rheological characteristics of the

system will change. In most cases, this means that the measured

viscosity will decrease. This was certainly the case with each

of the propellant-No. 2 fuel oil slurries measured during this

study. Therefore, all the viscosity measurements described

below were taken immediately after the slurry sample was shaken

3 vigorously for 10 seconds, in accordance with ASTM D 1439-83a

standard procedure (Appendix A).

I The viscosities of the nitroguanidine-No. 2 fuel oil slurries at

250C, 450C, and 650C are shown in Figure 3-5. At a

concentration of 10 percent by weight nitroguanidine in No. 2

fuel oil at both 450 and 650C, the viscosities of the slurries

3 will be below the 30 centistoke upper limit to obtain

atomization in a standard, unmodified oil burner. However, if

ii an oil burner could be modified to allow a supplemental fuel

with, for example, a viscosity double that allowed in an

unmodified burner, then the viscosity data taken at 650C

indicate that a nitroguanidine-No. 2 fuel oil slurry containing

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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15 percent by weight nitroguanidine could be burned as a

supplemental fuel. In fact, the economic analysis given in

Section 4 indicates that it may be cost-effective to consider

using a modified oil burner to dispose of propellant-No. 2 fuel

oil slurries containing greater than 10 percent by weight

propellant.

The viscosities of the nitrocellulose (dried)-No. 2 fuel oil

slurries measured at 250C, 45°C, and 650C are shown in Figure

3-6. The nitrocellulose was dried to less than I percent water

content by placing small portions in an oven for 24 hours at

7000 (see section 5.2.2.1). At a concentration of 7.5 percent

by weight dried nitrocellulose in No. 2 fuel oil at both 450C

and 650C, the viscosities of the slurries will be at and

slightly below, respectively, the 30 centistoke upper limit to

obtain atomization in a standard, unmodified oil burner. By

comparison, the viscosities of the nitrocellulose

(water-wet)-No. 2 fuel oil slurries at 250C, 450C, and 650C are

shown in Figure 3-7. From an inspection of this data at 650C,

it is clear that the viscosity limit to obtain atomization is

not exceeded until the nitrocellulose (water-wet)-No. 2 fuel oil

slurry concentration increases above 10 percent by weight of the

propellant. These limits for the concentration of each

propellant in the No. 2 fuel oil, i.e., 7.5 percent by weight

for the dried nitrocellulose and 10 percent by weight of the

water-wet (28-29 percent H20) nitrocellulose, could not be

increased since the viscosities of the next highest

concentration at 65°C in each case are well above even a 60

centistoke limit postulated for atomization of a 15 percent by

weight nitroguanidine-No. 2 fuel oil slurry supplemental fuel in

a modified oil burner.

Finally, the viscosities of the AA2 propellant-No. 2 fuel oil

slurries measured at 250C, 450C, and 650C are shown in Figure

3-8. At a concentration of 10 percent by weight AA2 propellant

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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in No. 2 fuel oil at 650C, the 30 centistoke upper limit to

obtain atomization in a standard, unmodified oil burner will

j ust be exceeded. However, if an oil burner could be modified

to allow a supplemental fuel with, for example, a viscosity

double that allowed in an unmodified burner, then the viscosity

data taken at 650C indicate that a AA2 propellant-No. 2 fuel oil

slurry containing 20 percent by weight AA2 propellant could be

burned as a supplemental fuel.

3.2 Chemical Characteristics of Propellant-No. 2 Fuel Oil Slurries

The second series of tests in this project were conducted to

determine the chemical characteristics of the propellant-No. 2

fuel oil slurries. Flash point, fire point, heat of combustion,

and emissions analysis of No. 2 fuel oil and propellant-No. 2

fuel oil slurries were performed in this phase of the project.

3.2.1 Flash Points of Propellant-No. 2 Fuel Oil Slurries

The flash point measures the tendency of a sample to form a

flammable mixture with air under controlled laboratory
conditions. It is one of the important properties which must be

considered in assessing the overall flammability hazard of a

material. The flash point is used in shipping and safety

regulations to define "flammable" materials. Three degrees of

flammability are commonly used: flammable, combustible and

nonflammable. They are defined as follows:

3 Flammable - flash point is less than 100*F,

SCombustible - flash point is greater than 100°F,

3N!nf9_ m____g - flash point is not measurable.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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The flash point can also indicate the possible presence of a

highly volatile and flammable component in an apparently

nonvolatile or nonflammable material. The following paragraphs

describe the results obtained from the determination of the

flash points of No. 2 fuel oil and the propellant-No. 2 fuel oil

slurries according to ASTM D 92-85 standard procedure

(Appendix A).

The flash points of No. 2 fuel oil and propellant-No. 2 fuel oil

slurries are summarized in Table 3-5. As stated previously, the

maximum concentration of the propellants nitrocellulose and

nitroguanidine that could be attained during the preparation of

the slurries was 15 percent by weight. However, for the AA2

propellant, the maximum concentration of this material was 30

percent by weight.

Table 3-5. Flash Pointsa of No. 2 Fuel Oil and the Propeliant-
No. 2 Fuel Oil Slurries

Weight Percent Weight Percent Flash

Material Propellant No. 2 Fuel Oil Point (OF)

No. 2 Fuel Oil 0.0 100.0 178.0

Nitroguanidine 5.0 95.0 235.0
10.0 90.0 219.9
15.0 85.0 210.2

Nitrocellulose 5.0 95.0 210.1
(Dried at 700) 10.0 90.0 195.1

15.0 85.0 180.0

Nitrocellulose 5.0 95.0 195.1
(Water-Wet) 10.0 90.0 204.8

15.0 85.0 185.0

AA2 Propellant 5.0 95.0 204.8
10.0 90.0 195.1
15.0 85.0 180.0
20.0 80.0 175.9
25.0 75.0 170.1
30.0 70.0 166.7

aMeasured according to ASTIM D 92-85 standard procedure.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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The flash points of all the nitrocellulose-No. 2 fuel oil and
nitroguanidine-No. 2 fuel oil slurries are higher than the flash

point of neat No. 2 fuel oil. In contrast, when the

concentration of AA2 propellant in No. 2 fuel oil was increased

above 15 percent by weight, the flash point became lower than

the flash point of neat No. 2 fuel oil. Finally, the data

summarized in Table 3-5 clearly shows that each propellant-No. 2

fuel oil slurry may be classified as "combustible".

3.2.2 Fire Points of Propellant-No. 2 Fuel Oil Slurries

The fire point measures the characteristics of a sample which

are required to support combustion. The fire point is defined

as the lowest temperature at which a volatile combustible

substance vaporizes rapidly enough to form above its surface an

air-vapor mixture which burns continuously when ignited by a

small flame. The results obtained from determination of the

fire points of No. 2 fuel oil and the propellant-No. 2 fuel oil

slurries according to ASTI D 92-85 standard procedure (Appendix

A) are discussed in the following paragraph.

The fire points of No. 2 fuel oil and the propellant-No. 2 fuel

oil slurries are summarized in Table 3-6. With the exception of

the nitroguanidine-No. 2 fuel oil slurry containing 5 percent by

weight propellant, the fire points of all of the

propellant-No. 2 fuel oil slurries are less than the fire point

of No. 2 fuel oil. It had previously been a matter of some

concern, expressed in the test plan for this project, that

measurement of the fire points of the propellant-No. 2 fuel oil

slurries might not be possible due to safety considerations.

However, during the analysis of these slurries, the observation

was made that each propellant-No. 2 fuel oil slurry burned, when

initially ignited and allowed to burn for 5 seconds, in an

identical manner to the No. 2 fuel oil.
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Table 3-6. Fire Pointsa of No. 2 Fuel Oil and the Propellant-
No. 2 Fuel Oil Slurries

Weight Percent Weight Percent Fire
Uaterial Propellant No. 2 Fuel Oil Point (*F)

No. 2 Fuel Oil 0.0 100.0 237.0

Nitroguanidine 5.0 95.0 250.0
10.0 90.0 230.0
15.0 85.0 219.9

Nitrocellulose 5.0 95.0 219.9
(Dried at 70°0) 10.0 90.0 199.9

15.0 85.0 190.0

Nitrocellulose 5.0 95.0 204.8
(Water-Wet) 10.0 90.0 210.2

15.0 85.0 204.8

AA2 Propellant 5.0 95.0 215.1
10.0 90.0 204.8
15.0 85.0 199.9
20.0 80.0 196.3
25.0 75.0 192.2
30.0 70.0 190.0

aMeasured according to ASTM D 92-85 standard procedure.

3.2.3 Heat of Combustion of Propellant-No. 2 Fuel Oil Slurries

The heat of combustion is a measure of the energy released when

1 mol of a substance is oxidized at constant pressure or

constant volume. A knowledge of this value is essential when

considering the thermal efficiency of equipment for producing

either heat or power.

The heat of combustion data obtained from No. 2 fuel oil and the

propellants according to ASTM D 240-87 standard procedure are

given in Table 3-7. Several of the heat of combustion data

points calculated for the propellant-No. 2 fuel oil slurries are

used in the economic analysis which follows in the next section.
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Table 3-7. Heats of Combustiona of No. 2 Fuel Oil, Propellants.
and elected Propellant-No. 2 Fuel 0il SlriES

Material Heat of Combustion (Btu/Ib)

=1 Nitrocellulose 4,308
Nitroguanidine 4,016

AA2 Propellant 4,354

No. 2 Fuel Oil 18,947
10% Nitrocellulose-

90% No. 2 Fuel Oil 17,483

15% Nitroguanidine-

85% No. 2 Fuel Oil 16,707

15% AA2 Propellant-
85% No. 2 Fuel Oil 16,758

20% AA2 Propellant-
80% No. 2 Fuel Oil 16,029

aHeats of combustion for propellants and No. 2 fuel oil were

determined experimentally. Heats of combustion for the

propellant-No. 2 fuel oil slurries were calculated from these

values.

3.2.4 Emissions From the Pyrolysis of Provellant-No. 2 Fuel Oil

Slurries

The reaction products (emissions) of propellants are dependent

on the pressure and temperature, and therefore also on the

confinement under which the combustion reaction proceeds. The

knowledge of the reaction products of combustion processes is

important for several reasons:

A. To learn more about the reaction kinetics and about

equilibrium or non-equilibrium burning,

B. To study the heat output,

C. To evaluate the completeness of reactions and to find out if

components of the original propellant or high explosive can

still be found in the residue,

D. In connection with the disposal of energetic materials, it

is also of interest if the combustion leads to toxic or

carcinogenic reaction products that may be emitted to the

atmosphere.
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Although not specifically ated as such in the test plan for

this project, a qualitative determination was made of the

emissions from the nitrocellulose, nitroguanidine, and AA2

propellant using a solid probe-mass spectrometry (SPMS)

instrument. The SPMS spectrum of each material was obtained and

then compared and contrasted to information alreak aivailable in

the scientific literature. The SPMS spectra were recorded using

a procedure similar to ASTM D 2650-88 "Standard Test Method for

Chemical Composition of Gases by Mass Spectrometry." Specific

details of the procedure are given in Section 5.4.4. The

emissions expected from various propellant-No. 2 fuel oil

slurries were then calculated from the information already

available in the literature. Although this approach differs

from that outlined in the test plan, it was approved by USATHAMA

at the Interim Project Review meeting in February, 1991.

It is important to emphasize the fact that combustion of the

propellant-No. 2 fuel oil slurries will be accomplished at

temperatures between 1500°C to 1700°C. The emissions from

various propellant-No. 2 fuel oil slurries given in the

following sections serve only to theoretically characterize

reaction products that might result in the event of incomplete

combustion.

3 3.2.4.1 Typical-Emission From the Pyrol sis of NitrocellulQse

U Many studies have been reported in the literature regarding the

thermal decompositio- of nitrocellulose and the analysis of the

emissions from this pyrolysis. The emissions expected from the

pyrolysis of nitrocellulose based upon the literature are given

in Table 3-8. The relevant literature references are also given

in the table. To summarize, the predominant (i.e., >10 percent)

emissions observed from the pyrolysis of nitrocellulose were

N02, NO, CO, C02 , and 1120. Minor emissions (i.e., 5-10 percent)
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Table 3-8. Emissions Expected from the Pyrolysis of
Nitrocellulose Based on-a Review-of the
Scientific Literature.

UMajor WO1 %) Minor (5-10%) Traces (<5%)

NO2, Refs. 9-11 Formic acid, HCN, Refs. 16, 19
1100011, Ref. 16

NO, Refs. 9-14, 19 Formaldehyde, N2 , Refs. 12-15
11011, Refs. 9, 16, 19

00, Refs. 9, 12-15, 19 Glyoxal, N20, Refs. 9, 12, 143 (100)2, Ref. 16

002, Refs. 9, 12-14, 19 N20, Ref. 19 Acetaldehyde,
01130110, Refs. 15,§1 17, 19

H , Refs. 9, 12, 15
Acetone,5 (H3C 2 0 Refs. 17,
19 3)C

Acrolein,
~l 01120110110, Refs. 17,

19

1 0114, Refs. 14, 15

120 =0112, Ref. 15

.1 0113011, Ref. 15

011011011 Ref. 15

I Formainide,
HCONH2 . Ref. 18

3H 110, Ref. 19

~ 011301120110, Ref. 19

Propellant-No. 2 Fuel Oil Slurries U.S. Army3As Supplemental Fuels 3-23 USATIIMAA



were formic acid, formaldehyde, and glyoxal. Trace emissions

(i.e., <5 percent) were HON, N2 , N20, acetaldehyde, acetone,

acrolein, CH4, H2C=CH2 , methanol, ethanol, and formamide.

In a recent study by Huwei and Ruonong (19), pyrolysis-gas

chromatography was used to study the emissions from

nitrocellulose. During this analysis, the nitrocellulose was

pyrolyzed at high temperature and high heating rate, and its

decomposition reaction was quick and complete. Therefore, the

pyrolysis of nitrocellulose during this technique may simulate

its combustion. At the high temperatures used in this study, it

was observed that NO2 was changed into NO. Therefore, the

predominant emissions detected during this analysis were CO, NO,

and C02. Minor emissions were N20 and formaldehyde. Trace

emissions were HCN, H20, CH3CHO, CH3CH2CHO, CH3COCH3 , and

CH2=CHCHO.

A number of studies on the mechanism of the thermal

decomposition of nitrate esters (e.g., nitrocellulose,

nitroglycerin, and nitroguanidine) have verified that the

decomposition proceeds with homolytic cleavage of nitrate ester

groups (RO-NO2 ) via an autocatalytic-type reaction. The

autocatalytic-type reaction is believed to proceed by a

complicated series of consecutive radical reactions.

Kimura (20,21) and Kubota (22) have shown that, for example,

nitrocellulose initially decomposes by rupture of one of the

RO-NO2 bonds, since they are the weakest chemical bonds present,

to form oxidizers (NO2) and alkoxy radicals (ROe). Apparently,

the decomposition process occurs in the condensed phase or at

least at the burning surface. The generated NO2 oxidizes RO. to

form peroxy radicals (R00-) and nitrogen oxide (NO). Finally,

the last stage is the exothermic oxidation of the organic
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molecules by NO giving N2, 002, CO, H20, etc. (22). Fifer (23)

has published an excellent review of the chemistry of the

decomposition of nitrate ester and nitramine propellants.

The SPMS spectrum obtained from the thermal decomposition of

nitrocellulose taken over the temperature range from 400C to

2200C at 10°C/min is shown in Figure 3-9. As was pointed out in

the above discussion, the emissions from the pyrolysis of

nitrocellulose are dependent both on the temperature and the

pressure at which the pyrolysis takes place. As a further

example, DeHaan (24) has pointed out that since nitrocellulose

functions as a propellant by generating large quantities of

gases while undergoing an explosive burning process, its true

behavior is pressure dependent. In most cases, one must be

content with evaluating a propellant's behavior at atmospheric

pressure.

The explosive burning process mentioned above begins as a normal

combustion when the temperature reaches 1700C to 1800C. Heat

generated by the combustion of the first "layers" accelerates

the combustion of succeeding portions of the sample. The

pressure generated by the production of NO2, CO, H2, and H20

vapor causes the reaction to proceed faster and faster. The

progressive burning feature of nitrocellulose makes the geometry

of the individual sample very important to the behavior of the

propellant as a whole.

Therefore, based upon the considerations discussed above, the

only conclusion that can be drawn from the fact that the SPMS

spectrum shown in Figure 3-9 indicates H20 (mass 18), HCHO and

NO (mass 30), and N20 and C02 (mass 44) as major peaks is that

these are the pyrolysis products at 2200C and the pressure

within the SPMS capillary analysis tube. For the purposes of

identifying and quantifying the major emissions that may result
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from the incomplete combustion of various nitrocellulose-No. 2

fuel oil slurries, we will rely on the distribution of reaction

products from the pyrolysis of a single-base propellant (A

5020), published by Volk (25). The emissions obtained from the

pyrolysis of this propellant were as follows: H2 (18.4

percent), CH4 (0.1 percent), C02 (12.6 percent), N2 (10.1

percent), H2O (15.2 percent), and NH3 (0.85 percent). HON and

NO gases were not found. Quantification of the emissions

expected from a 7.5 percent by weight nitrocellulose-No. 2 fuel

oil slurry is presented in section 3.2.4.4.

3.2.4.2 Typical Emissions from the Pyrolysis of Nitroguanidine

Nitroguanidine is one of the main components of triple-base

propellant and can form large amounts of combustion gases and

NH3 when burning. Since NH3 gas can react with NO2, it may

consume a large amount of the NO2 produced during the

decomposition of nitrate and connected with an autocatalytic

decomposition of the propellant (26).

In a study by Volk (27), the following gaseous reaction products

were analyzed by mass spectrometry: NH3 , N 20, 002, N 2, NO, NO2,

and HON. Temperatures in the range of 180°C-240°C were used

during the decomposition stage of the analysis. In the gas

mixture evolved, N20 and NH3 were the main products. The

composition of the decomposition gases was found to vary widely

as a function of temperature. At the beginning of the

decomposition process at 180'C, NH3 was the main product.

However, at higher temperatures or with extended decomposition

time, the formation of N20 was found to increase. For example,

at 2200C the formation rate of N20 was found to exceed that of

NH3 by 3 to 1. At 2400C, the approximate composition of the

emissions from the particular nitroguanidine sample used the

this study were: 23 percent NH3 , 66 percent N20, 5 percent C02,

and a combined total of 6 percent of the gases N2, NO, and HCN.
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I The SPMS spectrum obtained from the thermal decomposition of

nitroguanidine from 500C to 220'C at 20 OC/min for 23 minutes is

shown in Figure 3-10. As was pointed out in the above

discussion, the emissions from the pyrolysis of nitroguanidine

are dependent on the temperature at which the pyrolysis takes

place. Therefore, the only conclusion that can be drawn from

the fact that the SPMS spectrum shown in Figure 3-10 indicates

H20 (mass 18), NO (mass 30), H2N-CN (mass 42), and N20 and C02

(mass 44) as major peaks is that these are some of the pyrolysis

products at 22000 and the pressure within the SPMS capillary

analysis tube. For the purposes of quantifying the major

emissions expected from the pyrolysis of 10 and 15 percent by

5I weight nitroguanidine-No. 2 fuel oil slurries (section 3.2.4.4),

the information published by Volk (27) will be used.

3.2.4.3 Typical Emissions from the Pyrolysis of Double-Base Propellants

While the literature does not contain any references which

specifically describe the emissions from the pyrolysis of the

AA2 propellant used in this study, there are several references

which deal with other, similar types of double-base

propellant (25,28-30). For example, Volk (25) has described the

reaction products from the thermal decomposition of the

double-base propellant H 518, which contains a high amount of

nitroglycerin. The reaction products of this propellant were as

follows: H2 (10.2 percent), CO (28.5 percent), C02 (22.3

percent), N2 (14.4 percent), NO (0.09 percent), HCN (0.03

percent), and H20 (24.4 percent).

The SPMS spectrum of the AA2 propellant is given in

Figure 3-11. Some of the major peaks identified in this

spectrum are 1120 (mass 18), NO and IICIIO (mass 30), as well as

N20 and C02 (mass 44). Using the gaseous product distribution

published by Volk (25), the calculated emissions from the
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pyrolysis of 10 and 20 percent by weight AA2 propellant-No. 2

fuel oil slurries are given in the following section.

3.2.4.4 Estimate of Emissions to be Expected From Burning Propellant-

No.2 Fuel Oil Slurries as Supplemental Fuels

In the USATHAMA document entitled "Pilot Test to Determine the

Feasibility of Using Explosives as Supplemental Fuel at

Hawthorne Army Ammunition Plant (HWAAP) Hawthorne, Nevada" it is

noted that 02, 002, CO, explosives, lead oxides, NO.,

particulates, and moisture content will be monitored in the

emissions from the process. It is assumed that a similar

monitoring program would be implemented if propellant-No. 2 fuel

oil slurries were burned in a similar pilot plant.

The average formula for No. 2 fuel oil may be given as

C7 .1 90111 2 .6 19. Assuming complete combustion of the No. 2 fuel

oil to C02 and H20, we estimate that 3.16 pounds of C02 and 1.15

pounds of H20 will be released from burning one pound of No. 2

fuel oil. These values form the basis for calculating the

emissions that may result from the incomplete combustion of

various propellant-No. 2 fuel oil slurries.

Starting with a 10 percent by weight nitroguanidine-No. 2 fuel

oil slurry and using the emissions data published by Volk (27)

(i.e., 23 percent NH3, 66 percent N20, 5 percent C02, and 6

percent total of N2 , NO, and ION), we estimate that 2.845 pounds

of C02, 1.040 pounds of H20, 0.023 pounds of NH3 , 0.066 pounds

of N20, and 0.006 pounds combined of N2 , NO, and HICN may be

emitted from one pound of combusted slurry. For the combustion

of one pound of a 15 percent by weight nitroguanidine-No. 2 fuel

oil slurry, the distribution of emissions may be as follows:

2.694 pounds C02, 0.978 pounds 1120, 0.035 pounds NH13, 0.099

pounds N20, and 0.009 pounds combined of N2 , NO, and HICN.
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I
Continuing with a 10 percent by weight AA2 propellant-No. 2 fuel

oil slurry and using the emissions data published by Volk (25)

for H 518 double-base propellant (i.e., 10.2 percent H2, 28.5

percent CO, 22.3 percent C02, 14.4 percent N2, 0.09 percent NO,

0.03 percent HCN, and 24.4 percent H20), we estimate that 2.866

pounds Of C02, 1.064 pounds of H20, 0.010 pounds of H2, 0.029

pounds of CO, 0.014 pounds of N2, <0.001 pounds of NO, and

<0.001 pounds of HCN may be emitted from one pound of combusted

slurry. For a 20 percent by weight AA2 propellant-No. 2 fuel

oil slurry, the distribution of emissions expected from the

combustion of one pound of this supplemental fuel may be as

follows: 2.528 pounds C02, 0.969 pounds H20, 0.020 pounds H2,

3 0.057 pounds CO, 0.029 pounds N 2, <0.001 pounds NO, and <0.001

pounds HCN.

Finally, for a 7.5 percent by weight nitrocellulose

(dried)-No. 2 fuel oil slurry, using the emissions data

published by Volk (25) for single-base gun propellant A 5020

(i.e., 18.4 percent H2, 0.1 percent CH4, 12.6 percent C02, 10.1

percent N 2, 15.2 percent H20, and 0.85 percent NH3 ), we estimate

that 2.932 pounds of C02, 1.075 pounds of H20, 0.014 pounds of

I H2, 0.008 pounds of N 2 , <0.001 pounds of CH4, and <0.001 pounds

of NH3 may be emitted from the combustion of one pound of this

I supplemental fuel.

However, in conclusion, it must be kept in mind that these

estimates for the emissions that may result from the pyrolysis

of each propellant-No. 2 fuel oil slurry are based entirely upon

the best information available from the scientific literature.

The relevance of these estimates to the actual combustion

process at 1500oC-1700*C will only come when the

propellant-No. 2 fuel oil slurries are burned in a pilot plant,

and the emissions from this combustion are measured at that time.
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3.3 Chemical Compatibility-of Propellant-No. 2 Fuel Oil Slurries

The third and final series of laboratory tests in this project
were conducted to determine the chemical compatibility of each

propellant dispersed in No. 2 fuel oil. The chemical

compatibility of the resulting slurries was evaluated using a

thermal analysis technique, differential scanning calorimetry.

The propagation of reaction tests on the propellant-No. 2 fuel

oil slurries are currently being performed by Hercules, Inc.,

Rocket Center, West Virginia. The results from these tests, as

well as from a preliminary safety analysis of the process of

using propellant-No. 2 fuel oil slurries as supplemental fuels,

will be published separately.

3.3.1 Differential Scanning Calorimetry (DSC)

3.3.1.1 General

The thermal decomposition of nitrocellulose has been studied for

many years (31). Wolfrom et al. (32), analyzed the

decomposition products from nitrocellulose by assuming that the

thermally initiated rupture of the cellulose nitrate molecule

yielded a series of volatile species whose relative importance

was inversely proportional to the pressure of the system.

Later, using spectroscopic and gravimetric techniques, Phillips

et al. (33), showed that the thermal decomposition of

nitrocellulose follows, in first approximation, first-order

kinetics with two or three branches, suggesting that a more

complex reaction process than a simple first-order one might

occur.

More recently, Pfeil and Eisenreich (34) studied the thermal

decomposition of nitrocellulose by thermogravime'tic analysis,

differential thermal analysis, and infrared and Raman
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I
spectroscopies. Their results revealed the presence of an

initial autocatalytic decomposition of nitrate groups and an

increase in carbonyl and hydroxyl groups up to a weight loss of

55 percent. Further decomposition turned out to be a

second-order reaction, terminating in a charcoal-like residue.

LemieLu and Prud'homme (35) used a DSC apparatus to compare the

heats of decomposition of seven nitrocellulose samples, derived

from wood and cotton, with various nitrogen contents ranging

from 12.6 percent to 13.5 percent. They observed that the

average heat of decomposition of nitrocellulose samples

increased slightly with nitrogen content, the values ranging

3 between 1711 and 2050 J g-l.

The thermal decomposition of propellants can also be

conveniently analyzed using DSC. Singh and Rao (36) have used

DSC methods to study the role of lead salts of organic acids in

the combustion of double-base rocket propellants. Lead salts

affect the reactions taking place in one or more of four

distinct reaction zones that occur during the steady state

burning of double base propellant, namely, the foam, fizz, dark,

and luminous zones.

As another example, House et al. (37), used DSC to compare the

decomposition of twelve commercial nitrocellulose-containing

propellants. Curiously, these researchers observed two

different decomposition pathways for the same propellant, even

though each DSC experiment was run in the same fashion. The

first decomposition pattern may be represented by the following:

Propellant = volatile products + 12-16 percent residue (1)

while the second decomposition pattern is represented by

Propellant = volatile products + 2-5 percent residue (2)
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The results obtained by House et al., indicated that there was

no significant difference between the heats of decomposition of

most propellants investigated which decompose according to

Equation 1. However, for some propellants, decomposition could

take place by Equation 1 or 2 with about equal frequency.

3.3.1.2 Results and Discussion-Propellants

The DSC curve obtained from the decomposition of the dried

nitrocellulose sample at a heating rate of 20°C/min is given in

Figure 3-12. A Perkin-Elmer DSC-7 instrument was used to obtain

all the DSC curves shown in this section of the report at a

heating rate of 20*C according to AS1! E 537-86 standard

procedure. Figure 3-12 shows that the exothermic decomposition

peak is asymmetric with decomposition starting at about 2050C

and finishing at about 2470C, with the peak maximum located at

219.460 C. These values are identical to those reported by

Eisenreich and Pfeil (38) for the decomposition of pure

nitrocellulose as monitored by DSC at a heating rate of 200C.

The DSC curve obtained from the decomposition of nitroguanidine

is shown in Figure 3-13. The exothermic decomposition peak is

asymmetric with decomposition starting at about 269°C and ending

at about 299 0C, with the peak maximum located at 279.44°C.

These values compare favorably with those previously reported by

Rogers (39).

The DSC curve obtained from the decomposition of the AA2

propellant is shown in Figure 3-14. The exothermic

decomposition peak is asymmetric with decomposition starting at

about 1800C and ending at about 258*C, with the peak maximum

located at 208.71°C. These values may be compared with those
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obtained by De Schor and Toni (40) for a typical double-base

propellant (containing nitrocellulose, nitroglycerin,

stabilizers, plasticizers, and lead salt) where the

decomposition reaction started at about 1570C and ended at about

2610C, with the peak maximum located at 207°0. The differences

in the initial and final decomposition temperatures between the

two propellants is the slightly different heating rates used in

this study (20°C/min) compared with that used in the study

published by De Schor and Toni (1600/min).

3.3.1.3 Results and Discussion-Propellant Slurries

jThe DS0 curve obtained from the decomposition of a

representative nitrocellulose (dried)-No. 2 fuel oil slurry is

3 given in Figure 3-15. A Perkin-Elmer DSC-7 instrument was used

to obtain all the DSC curves shown in this section of the report

at a heating rate of 20°C/min according to ASTM E 537-86

standard procedure. Figure 3-15 shows that the exothermic

decomposition peak is much sharper than that shown in Figure

3-12 for nitrocellulose, with decomposition starting at about

2080 and finishing at about 2320C, with the peak maximum3 located at 213.59 0C. The peak maximum for the nitrocellulose

(dried)-No. 2 fuel oil slurry is 60C lower than that obtained

from nitrocellulose. The DSC curve obtained from the

decomposition of a representative nitrocellulose (water-wet)-

No. 2 fuel oil slurry is shown in Figure 3-16. In this case,

the peak maximum occurs at 215.010C, which is only about 40C

lower than that obtained from nitrocellulose.

The DSC curve obtained from the decomposition of a

3 representative nitroguanidine-No. 2 fuel oil slurry is shown in

Figure 3-17. Figure 3-17 shows that the exothermic

U decomposition peak has shifted to a peak maximum of 266.330C,

. with decomposition starting at jut 2600C and ending at
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about 2850C. As was the case with the nitrocellulose-No. 2 fuel

oil slurries, the peak maximum for the nitroguanidine-No. 2 fuel

oil slurry is less than that for nitroguanidine alone; however,

in this case the difference is much more significant at about

130C.

The DSC curve obtained from the decomposition of a

representative AA2 propellant-No. 2 fuel oil slurry is shown in

Figure 3-18. Figure 3-18 shows that the exothermic

decomposition peak has shifted to a peak maximum of 224.080C,

with decomposition starting at about 2050C and finishing at

about 24200. However, in contrast to the results obtained from

DSC analysis of the nitrocellulose- and nitroguanidine-No. 2

fuel oil slurries, the peak maximum from the decomposition of

the AA2 propellant-No. 2 fuel oil slurry has increased by about

160C compared to the peak maximum from the decomposition of AA2

propellant alone.
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IV. ECONOMIC ANALYSIS

4.1 Propellant-No. 2 Fuel Oil Slurries

An economic analysis of various propellant-No. 2 fuel oil

slurries was performed in this phase of the project. This

analysis emphasizes the costs of the propellant-No. 2 fuel oil

slurries as well as the amounts of the propellants that could be

dispersed in the slurries. The approach used to analyze the

economics of propellant-supplemented fuels was to compare them

to the current application in which they would be used, namely,

industrial combustors. The economic analysis is broken down

into three areas, raw materials, capital costs and labor costs.

4.1.1 hQi Costs

A general process flow diagram for burning propellant-No. 2 fuel

oil slurries as supplemental fuels in an industrial combustor is

shown in Figure 4-1.

For the production of steam in an industrial combustor, the raw

materials will be fuel and water. For the comparison of

supplemented to non-supplemented fuels, the water requirements

and the electricity are assumed to be the equal. A 20 M Btu/hr

industrial combustor operating 6570 hours per year (75 percent

operational) fired with No. 2 fuel oil will be used to provide a

baseline case for further comparison with supplemented fuels.

The combustor is assumed to be 80 percent efficient for both the

supplemented and the non-supplemented fuel. The physical

properties and costs for the No. 2 fuel oil and propellants used

in this economic analysis are shown in Table 4-1. The baseline

fuel cost is $856,812 per year from the following calculation:
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Table 4-1. Physical Properties and Cost of No. 2 Fuel Oil and
Propellants Used in the Economic Qaculations

No. 2 Fuel Oil
Heat of Combustion 18947 Btu/ib
Density 7.31 lb/gal
Cost $0.7225/gal

Nitrocellulose
Heat of Combustion 4308 Btu/Ib
Density 11.68 lb/gal

Nitroguanidine
Heat of Combustion 4016 Btu/ib
DensiLy 13.44 lb/gal -liquid

15.63 lb/gal -dry

AA2 Propellqnt
Heat of Combustion 4354 Btu/ib
Density 13.69 lb/gal -liquid

16.02 lb/gal -dry

2*107 Btu/hr * 6570 hrs/yr 1 lb No. 2 fuel/18947 Btu *

1 gal No. 2 fuel/7.31 lb No. 2 fuel * $0.7225/gal No. 2 fuel

* 1/0.8 (efficiency factor) = $856,812/yr

A No. 2 fuel oil supplemented with nitrocellulose will now be

compared to the baseline. Consider a fuel with a composition of

90 percent by weight No. 2 fuel oil and 10 percent by weight

nitrocellulose (dried). This supplemented fuel was selected for

study because the viscosity of a 10 percent by weight

nitrocellulose-No. 2 fuel oil slurry is just below the maximur1

value capable of being fed to a conventional, unmodified oil

burner (see section 3.1.6). The cost of one Doun_d of this

:u3 _ nt__fuel is $0.089 from the following calculation:

0.90 * $0.7225/gal No. 2 fuel oil " I gal/7.31 lb No. 2 fuel

oil = $0.089/lb supplemented fuel

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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The heating value of the supplemented fuel is 17483 Btu/Ib from

the following calculation:

(0.90 * 18947) + (0.10 * 4308) Btu/lb = 17483 Btu/Ib

supplemented fuel

In the above estimate the heats of solution are assumed to be

negligible.

Using the two estimates given above, the yearly fuel cost for

operating the same 20 Mh Btu/hr combustor as in the baseline

case with the 10 percent by weight nitrocellulose-No. 2 fuel oil

supplemented fuel can be calculated. The following calculation

yields a yearly suolemented fuel cost of $836,141 per year.

2*107 Btu/hr * 6570 hrs/yr * I lb supplemented fuel/17483

Btu * $0.089/lb supplemented fuel * 1/0.8 (efficiency factor)

= $836,141/yr

Therefore, the yearly fuel cost differential of operating the

baseline combustor with the 10 percent by weight

nitrocellulose-No. 2 fuel oil supplemented fuel is:

3l (836,141 - 856,812) $/yr = - 20,671 $/yr

Figure 4-2 shows that the cost differential is not dependent on

No. 2 fuel oil prices since there is zero cost associated with

the nitrocellulose.

4.1.2 t

The capital cost estimate will assume that the existing

combustor will be used with the supplemented fuel without

retrofit. This yields a zero cost for the baseline case. The

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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major additional equipment required to burn the supplemented

fuel is found in the feed system. The daily volume of

supplemented fuel required for operating the 20 MM Btu/hr

combustor is 3500 gallons. Therefore, a 5000-gallon feed system

is specified for operations. The major equipment and estimated

costs for the process are given in Table 4-2 If the final

capital cost of $947,400 is considered over a 20 year period at

0 percent interest, the Zearly capital cost expenditur is

$47,370.

Table 4-2. Capital Cost Etimate for a 5000 Gallon Feed System

Major Equipment Costs

Item Capacity $

Feed tank 5000 gal, SS 64,200

Mix tank 500 gal, SS 10,000

Propellant Storage Tank 2250 gal, SS 47,900

Grinder 20 hp 15,000

Agitator 15 bp 5,000

Pumps (3) 15 gpm 9,00P

Total 151,100

Langs factor for solid-fluid processing plant fixed capital is
4.18(3). A factor of 1.5 is applied to the capital cost as an
estimate to account for propellant requirements not included in
equipment estimates.

Capital Cost Estimate = $151,000 * 4.18 * 1.5 = $947,400

4.1.3 CoQgst

The labor cost estimate will assume that a 2 man operation can

prepare the supplemental fuel. A supervisor is included at one

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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quarter of the work time. Table 4-3 shows the details of the

lab s estimate, which totals $105,000 per year.

Table 4-3. Labor Cost Estimate for Burning Propellant-No. 2
Fuel l Slurrie

2 operators (@ $25,000/yr) $50,000
1 supervisor (@ $40,000/yr) * 0.25 $10,000

Subtotal $60,000

Overhead (@ 75 percent labor rate) $45,000

* Labor Total *105,000/yr

4.1.4 Overall Cost Comparison

The additional cost to operate the supplemental fuel fired

combustor is calculated as $131,699 per year. This cost is

based on the sum of the yearly fuel cost differential, capital

cost, and labor cost.

(-20,671) + 47,370 + 105,000 $/yr = $131,699/yr

The amount of nitrocellulose consumed per year by burning a 10

percent by weight nitrocellulose-No. 2 fuel oil slurry as a

supplemental fuel is calculated as 751,583 pounds. This results

in a total cost for nitrocellulose destruction of $0.1752 per

pound or $350/ton.

The results of identical calculations for various weight

percentages of nitrocellulose-, nitroguanidine-, and AA2

propellant-No. 2 fuel oil supplemental fuels are shown in Table

4-4.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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Table 4-4. gost of Disposal for Various Propellant-No. 2 Fuel Oil
Slsurries in a 20 MM.Btu/hr Indiutrin1 ombu6to

Amount of Heating Additional Propellant Cost of
propellant Value Fuel Cost Consumed disposal
(weight %) (Btulib) ($/yr) (TQDs/yLL ($/ton)

No. 2 Fuel Oil 0.0 18947

Nitrocellulose 5.0 18215 142282 180 790

7.5 17849 136639 276 495

10.0 17483 131699 376 350

Nitroguanidine 5.0 18201 142933 181 790

10.0 17454 133088 376 354

12.5 17081 127145 481 264

15.0 16707 121380 590 206

A2 Propellant 10.0 17488 131460 376 350

15.0 16758 iiq 866 588 202

20.0 16029 106100 820 129

The current cost of disposal for propellants by open

burning/open detonation (OB/OD) ranges from approximately

*300/ton to *813/ton of propellant. The cost per ton of

incinerating these propellants is estimated at $2,800. Using

the data summarized in Table 4-4, a comparison of the cost for

destruction by OB/OD versus using 10 percent by weight

nitrocellulose-, nitroguanidine-, or AA2 propellant-No. 2 fuel

oil slurries as supplemental fuels indicates that OB/OD and

incineration are significantly higher in cost in each case.

This concentration for the nitrocellulose-No. 2 fuel oil slurry

is the highest that could be handled even by a modified oil

burner, i.e., the viscosities of nitrocellulose-No. 2 fuel oil

slurries increase dramatically as the concentration of

nitrocellulose in the No. 2 fuel oil increases above 10 percent

by weight.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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However, as noted in section 3.1.6, the situation is different

for the nitroguanidine- and AA2 propellant-No. 2 fuel oil

slurries. If an oil burner could be identified that could burn

a supplemental fuel with, for example, a viscosity double that

allowed in an unmodified burner, then viscosity data indicate

that 12.5 or 15 percent by weight nitroguanidine-No. 2 fuel oil

slurries could be burned as supplemental fuels. As Table 4-4

shows, the costs for burning 12.5 and 15 percent by weight

nitroguanidine-No. 2 fuel oil slurries as supplemental fuels are

$264/ton and $206/ton, respectively. Obviously, these figures

are less than the current approximate costs given earlier for

disposal of propellants via OB/OD or incineration.

Similarly, if an oil burner could be modified to allow a

supplemental fuel with, for example, a viscosity double that

allowed in an unmodified burner, then viscosity data indicate

that AA2 propellant-No. 2 fuel oil slurries containing up to 20

percent by weight propellant could conceivably be burned as

supplemental fuels. Once again, as Table 4-4 shows, the costs

for burning 15 and 20 percent by weight AA2 propellant-No. 2

fuel oil slurries as supplemental fuels are $202/ton and

$122/ton, respectively. These figures obviously represent a

significant cost savings compared to disposal via OB/OD or

incineration and may represent enough savings to justify

retrofit of combustors with burners capable of burning viscous

slurries.

Finally, Figure 4-3 shows that the disposal costs associated

with combustor destruction do not fluctuate significantly with

changing fuel prices. As discussed in Section 6, the

environmental issues associated with OB/0D may increase the

upper limit of $813/ton cost for this disposal method in the

near future.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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V. EXPERIMENTAL PROCEDURES

5.1 General

The following sections describe the test plan, selection of test

materials, preparation of propellant-No. 2 fuel oil slurries,

and the test methodologies to determine the physical and

chemical characteristics, as well as the chemical compatibility,

of these slurries.

5.2 Overall Test-Plan and Procedures

Propellants that require disposal by the U.S. Army primarily

consist of single-, double, and triple-base propellants. For a

single-base propellant, 85-98 percent of the composition

consists of nitrocellulose; for a double-base propellant, the

fraction of nitrocellulose decreases to 55-78 percent, while for

a triple-base propellant, only about 20-28 percent of the

composition consists of nitrocellulose.

To determine whether using propellant-No. 2 fuel oil slurries as

supplemental fuels in industrial combustors was feasible, a

series of tests were developed to assess the physical and

chemical characteristics, as well as the chemical compatibility

of nitrocellulose, nitroguanidine, and AA2 double-base

propellant slurries in No. 2 fuel oil. These propellants were

received for testing from the Naval Ordnance Station in Indian

Head, Maryland.

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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5.2.1 Compositions of Test Sample Materials

5.2.1.1 No. 2 Fuel Oil Component

A commercial grade of No. 2 fuel oil was purchased from a local

distributor. A typical analysis of this oil is shown in Table

5-1.

Table 5-1. Analysis of Commercial No. 2 Fuel Oil

Grade number1 2

Element

Carbon, % 86.35

Hydrogen, % 12.72

Oxygen, % 0.82
Nitrogen, % <0.01
Sulfur, % 0.10

Ash, % 0.01

Density, lb/gal at 160C (60°F) 7.208

Heat of Combustion, Btu/ib 19,500

Viscosity, centistokes at 38°C (100°F) 3.7

5.2.1.2 Pronellant Component,

As stated above, the Naval Ordnance Station supplied samples of

nitrocellulose, nitroguanidine, and AA2 double-base propellants

(1 lb. each) for use in the tests reported herein. The

nitrocellulose was received as a water-wet (28-29 percent 1120),

finely-divided white solid. The nitroguanidine was received as

a dry (<I percent H20), finely-divided white solid. The AA2

double-base propellant was received as paper-thin shavings of

various sizes and lengths. Photographs of each of these

materials were previously shown in Figures 3-1, 3-2, and 3-3.

After a particle-sizc analysis was run on the nitrocellulose and

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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nitroguanidine, it was found that these materials did not

require grinding prior to being dispersed in No. 2 fuel oil to

form a slurry.

5.2.2 Mix Preparation

5.2.2.1 Drying of Nitrocellulose

Nitrocellulose (20 g) containing 28-29 percent of moisture was

dried for 24 h at 700C until a constant weight was obtained.

The oven used for drying the nitrocellulose had the latch

removed for safety reasons. Dry nitrocellulose, if ignited by

fire, spark, or static electricity, burns very rapidly.

Consequently, only enough nitrocellulose required to perform a

particular test was dried. Any nitrocellulose left over after a

particular test was wet with 28-29 percent water and recombined

I.z.. ti bulk propellant sample.

1 5.2.2.2 PrppaSion of Propellant-No. 2 Fuel Oil Slurries

The appropriate amount of No. 2 fuel oil was weighed out on an

jI analytical balance to the nearest 0.1 g in an 8 ounce Nalgene

bottle. The amount of propellant required to prepare the

desired slurry composition was then weighed out. In the case of

the nitrocellulose-No. 2 fuel oil and nitroguanidine-No. 2 fuel

oil slurries, an Ika-Works dispersing tool (#S25N-25GM) was

inserted into the No. 2 fuel oil and the Ultra-Turrax T-25 drive

unit was turned on. The mixing speed required to prepare the

5-10 percent slurries of these materials in No. 2 fuel oil was

8,000-9,500 rpm, while the 10-15 percent slurries required a

mixing speed of 9,500-13,500 rpm due to the increased viscosity

of these samples. The nitrocellulose or nitroguanidine

propellants were added gradually over a period G' approximately

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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3 minutes, then the resulting slurry was allowed to mix for an

additional 2 minutes. Each slurry was then transferred to an

Eberbach reciprocating shaker.

In the case of the AA2 propellant-No. 2 fuel oil slurries, the

#S25N-25CM dispersing tool %as initially used to prepare each

slurry with the Ultra-Turrax T-25 drive unit operating at

8,000-11,500 rpm. However, in this case, after all the

propellant was added to the No. 2 fuel oil and the slurry was

allowed to mix for 2 minutes, a #S25N-25F dispersing tool was

then substituted for the #S25N-25GM tool and mixing was allowed

to continue for an additional 2 minutes at 9,500-11,500 rpm.

The use of the #S25N-25F dispersing tool allowed the preparation

of AA2 propellant-No. 2 fuel oil slurries with a much finer

particle size distribution than was possible with the #S25N-25GM

tool.

5.3 Physical Characteristics Tests

5.3.1 Brookfield Viscometer Measurements

Viscosity measurements were performed using a Brookfield digital

viscometer (Model DV-II) on each of the propellant-No. 2 fuel

oil slurries at temperatures of 25"C, 450C, and 65*0. The

propellant-No. 2 fuel oil slurries were simultaneously heated

and agitated in a Lab-Line Orbit Environ-Shaker prior to each

measurement. Two standard oils of viscosities differing by at

least 50 centipoise were used to calibrate the viscometer. The

viscosity tests were performed according to a combination of

Method A in ASTM D 2196-86 standard procedure and ASIM D

1439-83a standard procedure. Standard procedure ASTM D 2196-86,

Method A, covers the determination of the apparent viscosity of

non-Newtonian materials by measuring the torque on a spindle

rotating at a constant speed in the material. Standard

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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procedure ASTM D 1439-83a covers the determination of the

viscosity of aqueous slurries of sodium carboxymethyl cellulose

with the Brookfield viscometer.

For the preparation of the nitrocellulose- and nitroguanidine-
No. 2 fuel oil slurries for viscosity measurement, the

calculated quantity of No. 2 fuel oil was added to an
eight-ounce capacity glass jar. A stainless steel, two-bladed,

marine-type propeller attached to a variable speed laboratory

stirrer was inserted into the jar allowing minimum clearance

between the stirrer and the bottom of the container. Stirring

was initiated and the propellant was slowly added to the No. 2

fuel oil. The stirring speed was adjusted to 800±100 rpm and

mixing was continued for two hours. The stirrer was then

removed and the sample container was transferred to a Lab-Line

Orbit Environ-Shaker for one hour. The sample container was

then removed and shaken vigorously for 10 seconds. The

viscosity was then measured with the Brookfield Model DV-II

digital viscometer.

5.3.2 Density Measurements

Density measurements were performed on propellant-No. 2 fuel oil

slurries at 25°0, 45°C, and 65*0 with a mud balance according to

ASTM D 4380-84 standard procedure (Appendix A). The

propellant-No. 2 fuel oil slurries were simultaneously heated

and agitated in a Lab-Line Orbit Environ-Shaker prior to

analysis.

In some cases, particularly with the more viscous slurry

samples, the density value obtained with the mud balance was

confirmed by measuring the density according to the procedure

given in ASTM D 1343-86 standard procedure (Appendix A). In

this procedure, the density of the sample in grams per cubic

Propellant-No. 2 Fuel Oil Slurries U.S. Army
As Supplemental Fuels 5-5 USATIIAA



centimeter is determined by measuring the weight of a known

Ivolume of the sample contained in a 25-mi tightly stoppered
graduated cylinder. In all cases, the density value determined

with either method agreed to within 0.002 grams per cubic

centimeter.

5.3.3 Particle Size Distribution

The laboratory procedure outlined by Lackey (4) was used to

wet-screen a representative AA2 propellant-No. 2 fuel oi! slurry

to determine its' particle-size distribution. The residual

No. 2 fuel oil was washed off the propellant fraction retained

on each screen with a solvent in which the oil has a high

solubility and the propellant a very low solubility. Kerosene

is one example of such a solvent. After drying at 800C for 24

h, the propellant retained on each screen was weighed on an

analytical balance, and the particle size distribution was

calculated.

5.3.4 Solubility Tests

The solubility apparatus used in these experiments was invented

at TVA-NFERC (41). A 5 percent by weight slurry of the

propellant in No. 2 fuel oil was prepared and loaded into a

50-ml Nalgene erlenmeyer flask containing a magnetic stirring

bar. The flask was placed in the solubility apparatus and

stirred for 24-48 hours at 25°C, 45°C, or 650C. The resulting

mixture was then filtered on a 45-micron filter and washed with

kerosene to remove all traces of the No. 2 fuel oil. After

drying at 800C for 24 hotrs, the propella-. was weighed on an

analytical balance to the nearest 0.0001 gram, and the

solubility value was calculated.

II
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5.4 Chemical Characteristics jt

5.4.1 Flash Point Tests

The flash points of the propellant-No. 2 fuel oil slurries were

measured using a Cleveland Open-Cup apparatus according to AS1h

D 92-85 standard procedure (Appendix A). In this test, the

sample is heated at a slow, constant rate with continual

stirring. A small flame is directed into the cup at regular

intervals with simultaneous interruption of stirring. The flash

point is defined as the lowest temperature at which application

of the test flame causes the vapor above the sample to ignite.

Extreme care was exercised during this test to prevent backflash

of the flame into the slurry, which might have resulted in

explosive decomposition of the propellant-No. 2 fuel oil mixture.

5.4.2 Fire Point Test.

The fire points of the propellant-No. 2 fuel oil slurries were

determined using a Cleveland Open-Cup apparatus according to

ASTM D 92-85 standard procedure (Appendix A). In this test, the

slurry is placed in the cup and heated rapidly at first but then

at a slow, constant rate as the flash point is approached. A

small test flame is passed at a uniform rate across the cup at

specified intervals until application of the test flame causes

the specimen to burn for at least five seconds. Due to safety

considerations, preliminary tests were performed on selected

propellant-No. 2 fuel oil slurries where a small amount was

placed in a metal cup and ignited.

5.4.3 fleat of Combustion Tests

The heats of combustion of each propellant and No. 2 fuel oil

was measured using a bomb calorimeter according to ASM. D 240-87

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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standard procedure (Appendix A). The heat of combustion is a

measure of the energy available from a fuel. A knowledge of

this value is essential when considering the thermal efficiency

of equipment for producing either power or heat. The heats of

combustion of various propellant-No. 2 fuel oil slurries were

then calculated from the values measured from the propellants

and the No. 2 fuel oil.

The heat of combustion value for each sample was determined in

triplicate by burning a weighed sample of material in an oxygen

bomb calorimeter under controlled conditions. The heat of

combustion was computed from temperature observations before,

during, and after combustion, with proper allowance for

thermochemical and heat transfer corrections. These tests were

performed by the Tennessee Valley Authority's analytical

laboratories in Chattanooga, Tennessee.

5.4.4 Emissions

The emissions from the pyrolysis of the individual propellants,

were determined using a Kratos instrument according to a

procedure similar to ASIM D 2650-88 standard procedure. This

test method covers the qualitative and quantitative analyses of

gases containing specific combinations of the following

components: hydrogen; hydrocarbons with up to six carbon atoms

per molecule; carbon monoxide; carbon dioxide; mercaptans with

one or two carbon atoms per molecule; hydrogen sulfide; and air

(nitrogen, oxygen, and argon). This test method cannot be used

Lor the determination of constituents present in amounts less

than 0.1 mole percent.

Although a standard method does not exist that specifically

covers the analysis of propellants via SPMS, AST. D 2650-88

provides a sufficient amount of guidance for testing these

Propellant-No. 2 Fuel Oil Slurries U.S. Army
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compounds using this analytical technique. As was mentioned in

Section 3.2.4, the SPS spectrum of each propellant sample was

obtained, then compared and contrasted to information already

available in the scientific literature. The emissions expected

from the incomplete combustion of various propellant-No. 2 fuel

oil slurries were then calculated from this information. This

approach was discussed with USATHAIIA personnel, and subsequently

3 approved at an interim Project Review meeting.

As stated above, the solid propellant materials were analyzed by5 solid probe mass spectrometry with electron ionization at

70 eV. Just enough sample was placed in a 1.5- to 2-cm

capillary tube until the material was visible. With the sample

tube positioned in the probe tip, the probe was inserted into

3l the source which was held at 2000C. Nitroguanidine was analyzed

using a temperature program of 500C to 2500C at 20*C per

minute. A program of 40*C to 2200C at 100C per minute was used

to analyze the AA2 propellant and nitrocellulose.

5 The liquid sample (No. 2 fuel oil) was analyzed by gas

chromotography/mass spectrometry. A 0.32 mm x 30 m DB-5 column

with a temperature program of 400C to 3100C at 1OC per minute

was used. The sample (0.3 pL) was directly injected onto the

5 column. The source temperature was 2000C and electron

ionization at 70 eV was used for this sample.

5.4.5 Elemental Analyses (C. H. N)

I The carbon (C), hydrogen (11), and nitrogen (N) contents of each

propellant sample were determined with a Carlo Erba Model 1108

3~ C, 11, N, S analyzer. The instrument was standardized with

cysteine. All samples were analyzed in triplicate.

I
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5.5 Chemical Compatibility Tests

5.5.1 Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) is a technique in which

the difference in energy inputs into a substance and a reference

material is measured as a function of temperature wnile the

substance and reference material are subjected to a controlled

temperature program. This technique is useful for detecting

potentially hazardous reactions including those from volatile

chemicals and for estimating the temperatures at which these

reactions occur. In addition, this technique is re'ommended as

an initial test for detecting the reactive hazards of an

uncharacterized chemical substance or mixture.

9The DSC experiments were performed according to ASTM E 537-86

standard procedure (Appendix A) using a Perkin-Elmer model DSC-7

instrument. A heating rate of 200C/min was used in each

experiment with a nitrogen flow rate of 65 cc/min. The

apparatus was calibrated in temperature and surface area with

indium (Tm = 156'C and Hm = 28.4 J/g). An empty pan was used as

the reference material for all measurements. The surface areas

were measured by manipulating the decomposition curves and

baselines with the DSC-7 computer software.

The method for crimping the pans was identical to that discussed

by Lemieux et al. (42). First, the sample (0.5-1.5 mg) was

crimped in the usual manner with aluminum pan and cover. Then,

the rim of the capsule was pinched with tweezers in a

criss-cross way so that decomposition gases could escape

easily. This operation leaves the bottom of the capsule uniform

to allow a proper thermal contact between the sample holder and

the capsule. The sample was then placed in the DSC-7 apparatus,
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brought rapidly to 11700, and equilibrated for two minutes. The

DSC experiment was then performed at a heating rate of 20 *C/min

under a nitrogen flow rate of 65 cc/min.

5.5.2 Supplementary Tests

Qualitative analyses of the propellant-No. 2 fuel oil slurries

were conducted over the six month course of this project to

determine, for example, the rate at which the slurries settled

out. Specific results from these observations are discussed in

the text of the report.

I

FI
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VI. CONCLUSIONS

Based on the cost comparisons discussed in the economic analysis

(Section 4), we conclude that fueling combustors with 10 percent

by weight nitrocellulose-, nitroguanidine-, or AA2

propellant-No. 2 fuel oil slurries as supplemental fuels is a

cost effective disposal option compared to disposal of these

propellants via OB/0D ($300-$813/ton) or incineration

($2,800/ton). The limit of 10 percent by weight concentration of

propellant in the slurry is based on the viscosity that could be

handled by a conventional, unmodified oil burner. In addition,

it should be noted that burning these slurries as supplemental

fuels may be considered more environmentally acceptable than

disposal of propellants via OB/OD or incineration. For example,

Myler and Mahannah (3) have noted that disposing of waste

energetic compounds has recently come under regulatory scrutiny

in consequence of the end of interim status for incinerators

under the Resource Conservation and Recovery Act (RCRA). OB/OD

of energetic wastes requires a Subpart X permit. Subpart X

operations remain under interim status until November 1992.

Whether or not OB/OD operations will be allowed to continue in

their current form is unknown. Therefore, burning

propellant-No. 2 fuel oil slurries as supplemental fuels may be

a viable option for disposal of large amounts of waste and

out-cf-specification propellants when the status of Subpart X

operations is further clarified by November 1992. Moreover, the

economic analysis has shown that burning propellant-No. 2 fuel

oil slurries with greater than 10 percent by weight propellant

contents as supplemental fuels could presently be a viable

option for disposing of large quantities of these materials if

the Army's industrial combustors could be retrofit with burners

capable of handling a fuel with a viscosity, for example, double

that capable of being fed to a conventional, unmodified oil

burner. We recommend that the existence and cost of these

modified burners be surveyed in the next phase of this project.
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VII. REFERENCES

Previous work in the scientific literature concerning the

physical characteristics, chemical characteristics, and thermal

stability of single-, double-, and triple-base propellants were

identified using the STN computer database. This database does

not provide references published prior to 1964. Therefore, the

Chemical Abstracts reference database was searched manually by

3 TVA personnel for pertinent literature articles published prior

to 1964.

A total of 1549 references were obtained from the STN computer

database using the following search keywords: Propellants

(Single-, Double-, and Triple-Base), Reactions, Properties,

Chemistry, Decomposition, and Physical Properties. Copies of

pertinent literature articles, reports, and patents were

obtained and the contents of each reference were reviewed for

3l relevance to the current project. A copy of the original

computer printout from the STN database literature search is

available from the authors upon request.

Reference material gathered in the literature search included

previous work that USATHAMA has sponsored, as well as several

studies sponsored by the U.S. Government and by Hercules, Inc.

concerning the safety aspects of handling propellants.

ii
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Designation: D 2196 - 86 I.

iinle is cen"

Standard Test Methods for . .T

Rheological Properties of Non-Newtonian Materials by o Sspindlegt
designed for

* Rotational (Brookfield) Viscometer 1 "  . ons. RV
.......... .. . :. ........ ... g leg for spi

"• ' rewitho
This standard is issued under thi fixed designation D 2196, the number immediately following the designation indicates the year of
onginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproal. A "• Cali
superscript epsilon (t indicates an Witorial change since the last revision or reapproval. . . -. : the LV
These test mthods have been approved for use by agencies of the Department of Defense to replace Method 4287 of Federal Test dlibraton o,

. Method Standard No. 141A and for listing it the DoD Index of Specifications and Standaras..... trdone with
. .. .I'he No. 1

1. Scope c.... ....... comparison of viscosities at increasing and decreasing ;jried out ir

1.1 These test methods cover the determination of the viscometer speeds (Test Method B), viscosity recovery (Test "A,.2 Comb

apparent viscosity and the shear thinning and thixotropic Method B), or viscosities before and after high shear (combi. "u1 to the

properties of non-Newtonian materials in the shear rate nation of Test Methods B and C). The high-shear treatment t' j-perature

range from 0.1 to 50 s- 1.  in Test Method C approximates shearing during paint. able.to assur

1.2 This standard may involve hazardous materials, oper- application. The viscosity behavior measured after high shear latad viscosi"

attons, and equipment. This standard does not purport to is indicative of the characteristics of the paint soon after Table 2 for c

address all of the safety problems associated with its use. It is application. "' th temper

the responsibility of the. user of this standard to establish .. , "-meri are r.

appropriate safety *and health practices and determine the 5. Apparatus -.. iuld be c(
.. .. ., " ., re.... If

applicability of regulatory limitatiorY prior to use. 5.1 Rotational-type vg at asurd.I5 Rotatiedslschas viscometers h a t least four sted value!- . :" : ~ ~~~~~~speeds, such as: . r 4'i" , ; clt e

2. Referenced Document 5.1.1 Brookfield Viscomteter, Model LVF, having fou i follows:" e

2.1 ASTM Standard: rotational speeds, or Model LVT having eight rotational

E 1 Specification for ASTM Thermometers. . . speeds, with set of four spindies; or . - . :. .
_... "5.1.2 Brookfield Viscometer, Model RVF, having four where:

3. Summary of Test Methods rotational speeds, or Model RVT having eight rotational" new fa

3.1 Test Method A consists of determining the apparent speeds, with set of seven spindles. " .: (mPa.
viscosity of coatings and related materials by measuring the 5.2 Thermometer-ASTM thermdmeter having a r e . viscos.

torque on a spindle rotating at a constant speed in the - from 20 to 70C and conforming to the requirements for .'- scale r
Thermometer 49C as prescribed in Specification E 1. ji Z , 7.3 Prepz

.f determiningthe 5.3 Containers, round I-pt (0.5-L) can, 33/8 in. (85 mm) in with the vist
3.2 Test Methods B and C consist of d miii theh

shear thinning and thixotropic (time-dependent) rheological iameter, or l-qt (I-L) can, 4 in. (100 mm) in diameter. :i lions worke
properties of the materials. The viscosities of these materials 5.4 Shaker,5 or equivalent machine capable of vigorously: with speed.

are determined at a series of prescribed speeds of a rotation- shakingthe test specimen. .
al-type viscometer. The agitation of the material immedi- ,"TABLE 1

ately preceding the viscosity measurements is carefully 6. Materials V : .

controlled. 6.1 Standard Oils,6 calibrated in absolute viscosity, "
millipascal seconds. 2 Spee .

4. Significance and Use Y " "

4.1 Test Method A is used for determining the apparent 7. Calibration of Apparatus . 0.5

viscosity at a given rotational speed, although viscbsities at 7.1 Select at least two standard oils of1iscosities differing :"" " 2

two or more speeds better characterize a non-Newtonian by at least 5 P (0.5 Pa-s) within the viscosity range of the, 25

material than does the single viscosity measurement. *:., 44.2eithan Tes Mthods ndgC, vi it e exent, omaterial being measured and in the range of the Niscometer.J . :i 5
4.2 With Test Methods B and C, the extent of shear Condition the oils as closely as possible to 25.0"C (or other:. 10

thinning is indicated by the drop in viscosity with increasing agreed-upon temperature) for I h in a I-pt (0.5-L) can, 3% 20

viscometer speed. The degree of thixotropy is indicated by in. (85 mm) in diameter. Measure the viscosities of each o, 4 0:' 0
____________ as described in Test Method B (Section 13) taking readings. l! :o • -oo

only at increasing speeds (13.7). Make certain that tilt. Spee. rp

'These test methods are under the jurisdiction or ASTM Committee D-I on tha the; .
Paint and Related Coatings and Matenals and are the direct responsibility of . 3
Subcommittee D01.24 on Physical Properties of Liquid Paints and Paint Mate- .,' ' " 036
nals. 4 Brookfield viseometers are aailable from the Brookfield Engineering Labor" l* , 1.5

Current edition approved Aug. 29, 1986. Published October 1986. Onginally tones. Inc.. 240 Cushing St.. Stoughton, MA 02072. L ,

published as D 2196-63T. Last previousedition D2196- 81. 5A reciprocating shaker may be obtained from the Red Devil Tools. 2404 " or 30

Annual Book ofASTM Sanaards. Vol 14 01. .V auxhall Rd.. Union. NJ 07083. .' ". 6

3 Pierce. P. E.. "Measurement ot Rheology of Th,xotropic Organic Coaiings 6 Absolute i,.osit standards are a.ailable in I-pt samples from The Cann
'
0 .. 1 j': 12

and Resins' vu the BrooKlield iscometcr," Journal ofPaim Tecnuiog), ,ol 43, Instrument C., P 0 Box 16. State Cullvec. PA 16801. or Brookfield Engnccrlr4 060
No. 557. 1911. pp. 35-43. Laboratories. Inc.. 240 Cushing St.. Stoughton. MIA 02072.
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1.. ndle is centered in the container prior to taking measure- 8. Preparaton of Specimen

Serlts. 8.1 Fill a I-pt or l-qt can with sample to within I in. (25

'.O' E I -The Brookfield LV and RV series viscometers are cquippd mrr) of the top with the sample and bring it as close as
" ii a spindle guard leg. The spindle/speed multiplying factors (Table I) possible to a temperature of 25"C or other agreed-upon
-. designed for use with the guard leg in place except for the following temperature prior to test.

*t ". itions: RV senes when the factors are the same with or without the 8.2 Vigorously shake the specimen on the shaker or
.1 .... " d leg for spindles No. 3 through 7, or LV series when the factors are equivalent for 10 min, remove it from the shaker, and allow

Z same with or without the guard leg for spindles•No. 3 and 4.. it to stand undisturbed for 60 mi at 25°C prior to testing

: ,!7.1.1 Calibration in a -pt (0.5-L) can is always possible (Note 2). Start the test no later than 65 min after removing
•i - th the LV series viscometer with the guard leg.attached. the can from the shaker. Do not transfer the specimen from

S Calibration of the RV series viscometer in the I-pt can must the container in which it was shaken.
" done with spindles No. 3 through 7 without the guard leg. NOTE 2-Shake tme may be reduced if necessar, or as agreed upon

m".•. If-the No. I or No. 2 spindles are to be used, calibration is between the purchaser and manufacturer, but, in any case, should not be
d decreasing 6rried out in the l-qt (I-L) can with the guard leg attached. less than 3 min.

-recovery (T" J7.2 Combining the tolerance of the viscometer (±1%,
!h shear (combi. Cual to the spindle/speed factor) and the tolerance of the TEST METHOD A-APPARENT VISCOITY

Iear treatmei j" enperature control (typically ±0.5"C at 25"C) it is reason-
Iduring paint able to assume that a viscometer is calibrated if the calcu- 9. Procedure

:after high she jed viscosities are within ±5 % of the stated values (see 9.1 Make all measurements as close as possible to 25"C, or
nt soon after Table 2 for examples of the considerable change in viscosity other agreed-upon temperature.

.-- "ith temperature exhibited by standard oils). If measure- 9.2 Place the instrument on the adjustable stand. Lower
-.an"- pents are not made at 25"C, then the stated viscosities the viscometer to a level that will immerse the spindle to the

-aould be corrected to the temperature at which they are proper depth. Level the instrument using the attached spirit
ieasured. If the viscosities determined in 7.1 differ from the level.l it least f6ur Iated values of the viscosity standard by more than 5 %, 9.3 Tilt the selected spindle (Note 3), insert it into one
alculate new factors for each spindle/speed combination as side of the center of the surface of the material, and attach

-F, having foir :'llows: , ., . the spindle to the instrument as follows: Firmly hold the=-g trotational .. ":"' ()
.,'tina , f= V/s " upper shaft coupling with thumb and forefinger; screw

"j hav .. '-"s "left-hand thread spindle coupling securely to the upper shaft
having fouir here: coupling being very careful when connecting to avoid undue

=ght rotational P= new factor for converting scaie reading to viscosity, cP side pressure which might affect alignment. Avoid rotating

I a '. (mPa- s), , the dial so that pointer touches the stops at either extreme ofa-ving a range .=viscosity of standard oil, ml~a- s , and the scale. -
.luirements for t: scale reading of the viscometer.

nNOTE 3-Select the spindle/speed combination that will give a
,ion E 1 . - .3 Prepare a table of new factors similar to that furnished

n(85 mm)6 , ith the viscometer (Table 1) foi the spindle/speed combina- minimum scale reading of 10 but preferably in the middle or upper
" tportion of the scale. The speed and spindle to be used may differ from

I diameter. a G ions worked out in 7.2. Spindle/speed factors vary inversely this by agreement bet%%een user and producer.
Sof vigrouly A... th speed. • " • . . . - 9.4 Lower the viscometer until the groove (immersion

4,.. .. . ... mark) on the shaft just touches the material. Adjust the
S . . ;TABLE 1 Factors for Converting Brockfield Dial Readings toCetiole •MliaclScns viscometer lev.el if necessar . Mo,.e the container slo% ,ly ina

"l" Cnpe (Millpasca Seconds)honzontal plane until the spindle is located in approximately

solute viscosity, "- O• -* 1000. the center of the container so that the test will be run in a
.. S V Series Factors Spinctes region undisturbed by the loweriig of the spindle.
.. rm 2 3 4 5 69.5 Turn on the viscometer. Adjust the viscometer to the

.. K- 05 200 800 2000 4000 8000 20M 80M rpm selected (Note 3) for the inatenal under test. Allow the
S .1 .. 100 400 10 2004000 10M 40Mruities diffeInf" '  2 50200 00 10002000 5M 20M viscometer to run until the pointer has stabilized (Note 4'

3y range of the " 25 40 160 400 8001600 4M 16M After the pointer has stabilized, depress the clutch and switch
th v ., 4 25 100 250 500 1000 2.5M 10M off the motor so that when it stops, the pointer will be in
e s 20 80 200 400 800 2M 8M

25.0"C (or othr . 10 10 40 100 200 400 1M 4M view (Note 5).
.5-L) can, 3 ., 20 5 20 50 100 200 500 2M NOTe 4-In thixotropic paints, the pointer does not always stabilize.

t es of, :" 50 2 8 20 40 80 200 800 On occasion it reaches a peak' and then gradually declines as the
ti ofead " 10 1 4 10 20 40 10structure is broken dovkn. In these cases. the time of rotation or number

) taking readiP . . LV Series Factors Spindles of revolutions pnor to reading the %,iscometer should be agreed to

Zrtain that t _________________________

- ., *6 2 3 4
*--= "" ." ", 03 200 1000 4000 20M TABLE 2 Viscosity Variation of Cannon Viscosity Standards

; ngweng -at. . . 100 500 2000 10M About the 25*C Temperature Point
.. 15J . t . 40 200 800 4M

Md Devil Tools, * ,'. 30 20 100 400 2M Cannon Viscosity Viscosty at 25*C. viscosity Crianr e with +*C

S 6 10 50 200 im Standard cP (mPa. s) at 25"C. cP (mPa s)

ftomTeC..' ).,12 5 25 103 500 S.600 1 400 877(626%)

d ookield EnicC! 30 2 10 40 200 S.2000 4 900 332(6.77%)

A 0-1 5 20 100 S.8000 20o0 1462 3 (7 31 %)

"..
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between user and manufacturer. 14. Calculations and Interpretation of Results
-1 NOTE 5-Always release the clutch while the spindle is still immersed 1 CcEST NEso that the pointer will float, rather than snap back to zero. 14.1 Calculate the apparent viscosity at each speed as

. ••. -• ~ ~~~~~shown in Section 9. . 0 . ;..•. . " .
10. Calculation . 14.2 If desired, determine the degree of shear thinning by.11 Apparat

the following method: . . ... ,-.7 - ih,
- 10A Calculate the apparent viscosity at each speed, as 14.2.1 Shear Thinning Index (sometimes erroneously* -'170 rpm a
follows: . called the thiotropic index)-Divide the apparent viscosity -rcular disp

V-fs .... . . at a low rotational speed by the viscosity at a speed ten times ...

where:.......... *.. . • .-. ,. higher. Typical speed combinations are 2 and 20 rpm, 5 and 'Prepara
V = viscosity of sample in centipoises, mPa s, 50 rpm, 6 and 60 rpm but selection is subject to. agreement

= scale factor furnished with instrument (see Table 1), between producer and uscr. The resultant viscosity ratio is an A 18. Inse
7. and ipA-- of the degree of shear thinning over that range of I .ttom• Ru
s. = scale reading of viscometer. rotational speed with higher ratios, indicating greater shearth in n ing . 'N OTE .. . . 8 '.N
11. Report 14.2.2 A regular or log-log plot of viscosity* versus 'Wdes upon a:

11.1 Report the following inforn.ation: viscometer speed in rpm may also be useful in characterizing. r
11.1.1 The Brookfield viscome .r model and spindle, the shear-thinning behavior of the material. Such plots may: 19. Proced.11.1.2 The visosity at the spindle/speed utilized, be used for making comparisons between paints or other, 9.4
11.1.3 The specimen temperature in degrees celsius, and materials. ' " . .. "ethod B it11.1.4 The shake time and rest period if other than 14.3 If desired, estimate the degree of thixotropy (under, Mctiond9.specified. . conditions of limited shearing-out of structure) by one of tne:- o 9pecified. 19.2 Star

following methods: .. ... -., . . Star
12. Precision and Bias ". 14.3.1 Calculate the ratio of the slowest sc is revoluttaken with increasing speed to that with decreasing speed. -tibns).

12.1 Precision-See Section 23 for precision, including The higher the ratio, the greater the thixotropy. . ..s , 9 3 De
thit for measurement at a single speed. k h ihrte aitegetrth hxtoy .-',19.3 Dec

12.2 Bias-No statement of bias is possible with this test 14.3.2 Calculate the ratio bf the slowest speed viscosity; re'cord thehod.12.2 Bs otetaken after the rest period to that before the rest period. The ed usedmetho. .• : . . - . higher the ratio, the greater the thixotropy. • after ten r

TEST METHOD B-VISCOSITY UNDER CHANGING SPEED - ' . . number of
CONDITIONS, DEGREE OF SHEAR THINNING AND 15. Report ' . " " . " ".

THIXOTROPY A. . .. 15.1 Report the following information: ., '" 20, Calcul::
13. Procedure 15.1.1 The Brookfield viscometer and spindle," 20.1 As

15.1.2 The viscosities at increasing and decreasing spindle' decreasing
13.1 Make all measurements with the Brookfield ciseometer as close as possible" *, 2*Co te geduo speeds," "• " 20.2 If

,merasloseaspossibl. k .5CC, or other agreed upon tht15.1.3 The rest period time and the viscosity at the end of4 the methot
mperature. that time, itm tnaa te nd n'" viscosity b
13.2 Adjust the instn'ment.and attach the spindle as in 15.1.4 The'psiecimen temperature in degrees celsius, and paint imm,

9.2 through 9.4. 15.1.5 The shake time if other than that specified. solids).
13.3 Set the viscometer at the slowest rotational speed 15.2 Optional Reporting: . 20.3 If

Notes 5 and 6). Start the viscometer and record the scale 15.2.1 Degree of Shear Thinming-Shear thinning index conditions
eading after ten revolutions (or other agreed-upon number and speeds over which it was measured (14.2). . lating the r

- f revolutions). 15.2.2 Estimated Degree of Thixotropy (under conditiolis : " shear. The
NOTE 6-When the eight speed vscometers (RVT and LVT) are of shearing-out of structure)-Ratio of the lowest speed Test Meth,

sed. lower or higher speeds than that permitted by the four speed viscosities, for both increasing and decreasing speeds, or ratio lowest spe
-iscometers may be used upon agreement between producer and user, ofthe lowest speed viscosities before and after the rest penod,-' higher the

13.4 Increase the viscometer speed stepwise and record and speed at which they were measured (14.3).
he scale reading after ten revolutions (or equivalent time for ' - icso
ach spindle/spoed combination) at each speed. After an 1 Pc. and Bins
bservation has been made at the top speed, decrease the 16. Precision and Bias . .' * "1.

:peed in steps to the slowest speed, recording the scale 16.1 Precision-See Section 23 for precision, inclading d -
eading after ten revolutions (or equi'alent time) at each that for measurement of the shear thinning index (ratio of ' -

peviscosity at 5 r/min to that at 50 r/min). It has not been :, .

:NOTE 7It is preferable to change speed when the motor is running. possible to devise a method for determining precision for Y- .
viscosities at increasing and decreasing speeds other than as'l .13.5 After the last reading has been taken at the slovest individual measurements. No attempt "as made to deter- 1 .

peed, shut off the viscometer and allo v it and the specimen mine the precision of the measurement of the degree of •
o stand undisturbed for an agreed-upon rest period. At the thixotropy because this parameter is dependent on the ,
nd of the rest period, start the %iscometer at the slovvest material, the time ofthe test, and other vanables.
peed and record the scale reading after ten revolutiuns (or 16.2 Bia-No statement of bias is possible %vith this test "

-ther agreed-upon number of revolutions). method. . .... . . . ."
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S ""; . .. TEST MET!0D C-VISCOSITY AND SHEAR THINNING 21. Report
gch speed a$ 7 OF A SHEARED MATERIAL 21.1 Report the following' information:

-2 -1..! The Brookfield viscometer model and spindle,
thinning i ;" 7' Apparatus - 21.1.2 The viscosities at decreasing spindle speeds,

17.1 High s-eed laboratory stirrer with speeds of at least 21.1.3 The specimen temperature in degrees celsius, andI erroneously .,o0 rpm and equipped with a 2-in. (50-mm) diameter 21.1.4 The speed of the high-speed mixer, size of blade,
-pei en ~ it rcular dispersion blade.7  and time of mixing if different from method.
-,Wedtentimc. 21.2 Optional Reporting:
20 rpm, 5 and :018. Preparation of Specimen 21.2.1 Degree of Shear Thinning-Shear thinning index

o agreement "- and speed over which it vas measured (14.2).
.5ty ratioisa r 18.1 Insert the 2-in. (50-mm) blade into the center of the nsedoe hc twsmaue 1.)ity ratio of a ' (.3 sott the atlade i to n. (2 nmerom the 21.2.2 Estimated Thtxotropy-Ratio of lowest speed vis-

-..that range of 6an (4.3) so that the olade is about I in. (25 mm) from the cosities before and after shear and the speed at which they
clgreater shear .bottom. Run the mixer at 2000 rpm (Note 8) for 1 min. were measured.

os .: .t. NOTE 8-Materials may be sheared at other speeds using other size
ity versu. bL~ades upon agreement between producer and user. 22. Precision and Bias

.oharacterizing OTE - e 22.1 Precision-The precision for individual viscosity
-h plots may at i . Procedure measurements is the same as for Test Method A in Section
ats or other. , P r e 23. No attempt has been made to determine the precision of

-Mi: 19.1 Immediately insert the same spindle used in Testnt or"ote eo B I itey nseardateri the same ndl es in the shear thinning index or degree of thixotropy for Test

" ehdB into the sheared material in the same manner as inl Mto o h eaosgvni 61-,:tcy(nerICscin9 Me.hod C for the reasons given in 16.1.
:tropy (under t * 22.2 Bias-No statement of bias is possible with this test

m ot19.2 Start the viscometer and adjust to the highest speed
)F "used in Test Method B (13.5). Record the scale reading after method.

-.-per-d .iscositye i ;ten revolutions (or other agreed-upon'number of revolu- 23. Summary of Precision -
-xeasing speed. - ,o s) -..a:k. se 23.1 In an interlaboratory study of Test Methods A and B,

ed viscosity 193 ecrease the viscometer speed Note 7) step-wise and eight operators in six laboratones measured on two days the
.tcord the scale readings at eac speed down to the lowest viscosities of four architectural paints comprising a latex flat,

i! .st2 p,6speed used in Test Method B, recording the scale reading a latex semi-gloss, a water-reducible gloss enamel, and an
- .,ter ten revolutions at each speed (or other agieed-upon alkyd semi-gloss, that covered a reasonable range in viscosi-

iumber of revolutions) ties and were shear thinning. Measurements at increasing
. .. speeds of 5, 10, 20, and 50 r/min (equivalent to eight
. 1 :,20. Calculations and Interpretation of Results operators testing 16 samples) were used to obtain the

. 20.1 As in Test Method B, calculate the viscosities at each precision of Test Method A. The within-laboratory coeffi-

• a " n " p indles ecreasing speed. cient of variation for Test Method A (single speed) was found
S 20.2 If desired, calculate the degree of shear thinning by to be 2.49 % with 121 degrees of freedom and for Test

Mat the end of .the method given in Test Method B, 14.2. The measured Method B (Shear Thinning Index) 3. % with 31 degrees of
at -*~ viscosity behavior after sheanng is essentially that of the freedom. The corresponding between-laboratories coefli-

SCelsius, and 'IV paint immediately L.ter application (disregarding changes in cients are 7.68 % with 105 degrees of freedom and 7.63 %

ified . solids). . with 27 degrees of freedom. Based on these coefficients the
20.3 If desired, estimate the degree of thixotropy (under folloing criteria should be used for judging the acceptability

nning index: conditions of complete sheaing-out of structure) by calcu- of results at the 95 % confidence level:
•-:t. hntg the ratio of the lowest speed viscosities before and after 23.1.1 Repeatability-Two results obtained by the same

r conditions, shear. The lowest speed before-shear viscosity is taken from operator at different times should be considered suspect if

I owest speed Test Method B, 14.1, at the lowest increasing speed. The they differ by more than 7 % relative for single speed
l eds; or ratio' lowest speed after-shear viscosity is taken from 20.1. The viscosity and 9.5 % relative for shear thinning index.

he rest period2- higher the ratio, the greater the thixotropy. 23.1.2 Reproducibilit '-Two results obtained by opera-
S• tors in different laboratories should be considered suspect if

they differ by more than 21.6 and 22.1 % relative, respec-
? "Cowl or Shar type mixer/disperser. tively, for the same two test methods.

n, including The American Society for Testing and Materials takes no position respecting the vahcfty of any patent rights asserec.iin connection
n. including with any item mentioneo in this stanaard. Users of this stanoard are expressly advised that Cetermnaion of the vahdity of any such
ex (ratio of. patent fights, and to risk of infringement of such rights, ate entirely their own fesponsibility.

has not beeni
recision for This standard is subject to evision at any time by the responsibl technical committee ana st te eviewed every lve years and

ther than as it not revised, either reapproved o' withdrawn. Your comments are invited either for ewvis,on f hStanard or ora autional standards

de to deter-:: and should be addressed tO AS1M Headquarters. Your comments will receive careful cons,aCrtton at a meeting of the responsible
technical committee, v.hich you may attend. it you feel that your comments have not rOceied a lair hearing you should make your

-. he degree of. views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia, PA 19103.

ent on theC

ith this test;
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Designation: D 1439 - 83a"

Standard Methods of Testing

Sodium Carboxymethylcellulose 1

' :~I This standard is issued under the fixed designation D 1439; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

SNorTE-Section 39 was revised editorially in April 1985.

1. Scope 3.2 The results of this test are used for calculating the total
0; 1.1 These methods cover the testing of sodium carboxy- solids in the sample; and, by common usage, all materia

methylcellulose, volatile at this test temperature are designated as moisture.

p .; 1.2 The test procedures appear in the following order:
Stin 4. Apparatus.:J .. "Sections

e"- Moisture 3 to 7 4.1 Oven-Gravity convection oven, capable of main.
Degree of Etherification: taining a temperature of 105 ± 3C.. ..
. Method A-Acid Wash 8.9 to 14 4.2 Weighing Bottles, low-form, 50-mm inside diameter sh
Method B-Nonaqueous Titration 8. 15 to 20 Y

Viscosity 21 to 26 by 30-mm height, or equivalent. 'CC
Purity 27 to 33 4.3 Analytical Balance.
Sodium Glycolate 34 to 41
Sodium Chloride 42 tO 48 'Co

Density 49 to 53 5. Procedure S
1.3 This standard may invoie hazardous matcrials, oper- 5.1 Weigh 3 to 5 g of the sample to the nearest 0.001 gin F

'.i ations, and equipment. This standard does not purport to a tared and covered weighing bottle.
I{ sr address all of the safety problems associated is ith its use. Itis 5.2 Place the bottle in an oven at 105"C for 2 h with tIN

the responsibility of whoever uses this standard to conult and cover removed. Cool the bottle in a desiLcator, replace the
establish appropriate safety and health practices and deter- cover, and weigh.
mine the applicability of regulatory hnutations prior to urse. 5.3 Replace the sample in the oven for 30 min, cool, and

reweigh.
2 g5.4 Continue this procedure to a mass loss of not mort A-'' 2. Reagents ,p I;;' than 5 mg for 30 rain drying time.,

! 2.1 Purity of Reagents-Reagent grade chemicals shall be
i., used in all tests. Unless otherwise indicated, it is intended 6 a t

e j hA* 6. Calculationthat all reagents shall conform to the specifications of the,.'" Committee on Analytical Reagents of the American Chem- 12 aclt h ecnag fmitr sflm, .

ical Society, where such specifications are available.2 Other Moisture, % = (4,':;) x 100
i,. grades may be used, provided it is first ascertained that the where:250
;., reagent is of sufficiently high purity to permit its use without A = mass loss on heating, and eingn
: lessening the accuracy of the determination. B = grams of sample used. obl,

2.2 Purity of Water-Unless othervise indicated, refer-
.i('I4I ences to water shall be understood to mean distilled water. 7. Precision
i Otsfor 7.1 Statistical analysis of interlaboratory test results

.~*r.~. amlples containing 2 to 10 % moisture indicates a precisiot '10( 1
3. Scope of ±0.2 % absolute at the 95 % confidence level. 12

* (ran-
3.1 This method covers the determination of the volatile DEGREE OF ETIIERIFICA-IION

content of sodium carbox ymet h ycell ulose. (80!
8. Scope been

'These methods are under the junsdiction of ASITM Conimmitce U-1 on Paint 8. 1 These methods cover the determination of the degrat 12
and Related Coatings and Matenals and is the dits rcsp,nsbiliy of Subtomr- of etherification (D.E.) of sodium carboxrnecthylccllulo, j dr,

'j millcc D)01.36 on Cclulosis. 8.2 Two methods are included as follows: .1r

, . Curcent edition approved June 24. 1983. Published September 1983. Originally 8.2.1 Aethod A (Acid Wash), for crude and purir late
published as D 1439 - 56 T. Last presous edition D 1439 - 83.

2 "Reagent Chemicals. Amerian Chemical Sxet) Spcific tions.- Am. Chen- grades of sodium carboxy ethlicellulose vilh degrees dcc
ical Soc. Washington. D C ror suggestons on the testingof reagents not listcd by etherilication up to 0.85. Above 0.85 degree of cthenficatro !t P

'if" '•! the American Chemical Society. sec "Reagent Chemical and Sandard. by slightly low results may be obtained. c
Joseph Rosin. D. Van Nostrand Co.. Inc.. New York. N.Y.. and the Unitcd Statesi '! J '. ' "1"', o ~hph r m a o t ~ a.Ro s n .8 .2 .2 Ml e t h o d 8 ( N o n a q u e o u s 7T r a t i o n ) , r o r p u ri f .d e
SPharmacopia.In

grades of sodium carboxymethylcellulose of all degrees0e Z

1i, _ V250



atherification. It is not applicable to the crude grades. 12.4 Finally, wash the precipitate with a small amount of
anhydrous methanol and draw air through it until the

fethodA-Acid Wash alcohol is completely removed. Transfer the precipitate to a
glass or aluminum weighing dish provided with a cover. Heat

Summary of Method the uncovered dish on a steam bath until the odor of alcohol
9.1 The water-so!uble sodium carboxymethylcellulose is can no longer be detected (in order to avoid fires due to

converted to the insoluble acid form, purified by washing, methanol fumes in the oven), then dry the dish and contents, :
dried, and then a weighed sample is reconverted to the uncovered for 3 h at 105"C. Place the cover on the dish and
sodium salt with a measured excess of sodium hydroxide. cool to room temperature in a desiccator.

12.5 The sulfate ash content of the sample at this ;oint
10. Apparatus should be less than 0.5 % when determined on 0.5 g of the .

10.1 Stirrer, air-driven, sample by the procedure given in Section 6 of ASTM
10.2 Buchner Funnel. 75-mm, fitted with a 70-mm fine- Methods D 1347, Testing Methylcellulose. 3 If the ash con-

otal 2xture, heavy-duty filter paper. A 60-mm medium-porosity, tent is greater than 0.5 %, the sample should be rewashedI stotted glass funnel may also be used. with ethyl alcohol (80 %). If necessary, the procedure de-10.3 Drying Oven, maintained at 105C. scribed in 12.1 to 12.4 should be repeated.12.6 Weigh, to the nearest 0.01 g, about I to 1.5 g of the
IIRagnsdried acid carboxymethylcellulose (depending on the nor- :1..1.l DiphenylamineReagent-Dissolve0.5gofdiphenyl- mality of the acid and base to be used) into a 500-mL

Erlenmeyer flask. Add 100 mL of water and 25.00 mL of 0.3
t l bine ne120 of s lfuri wacide (t 9+2). he a en ue to 0 5 N NaOH solution, while stirring. Heat the solution to
sho uld be essentially water-white. It will give a deep blue boiling, and boil for 15 to 30 min.coloration with traces of nitrate or other oxidizing agents. 12.7 T it r t e o hile t solution.is"hot,11.2Ethy Alchol 95 vlume%) Dnatued eh '!al- 12.7 Titrate the excess NaOH, while the solution is hot, :,. l ""

11.2 Ethyl Alcohol (95 volume %)-Denatured ethyl al-IIto0hol conforming to either Formula 2B, 3A, or 30 of the U. with the 0 3 to 0 5 N HCI to a phenolphthalein end point.

S. Bureau of Internal Revenue. 13. .l
11.3 Ethyl Alcohol (80 % by volume)-Dilute 840 mL of 13. Calculation.

Formula 2B, 3A, or 30 denatured alcohol to I L with water. 13.1 Calculat, the degree o etherification as follows:
11.4 Hydrochloric Acid, Standard (HCI, 0.3 to 0.5 N). A = (BC - DE)IF ".
11.5 Methanol, anhydrous. D o '-
11.6 Nitric Acid (sp gr 1.42)-Concentrated nitric acid Degree of etherfication = 0.162.4(l - 0.058A)01NO3)" where: "

nd (1lN0 3).
11.7 Sodium Hydroxide, Standard Soltion (0.3 to 0.5 A milliequialents of acid consumed per gram of.
--Prepare and standardize a 0.3 to 0.5 N solution of sample,

sodium hydroxide (NaOH). B = millilitres of NaOH solution added,
11.8 Sulfuric Acid (9+2)-Carefully mix 9 volumes C = normality of the NaOH solution,

HIS0 4 with 2 volumes of water. D = millilitres of IICI required for titration of the excess

NaOH,
12. Procedure E = normality of tle HCi,

12.1 Weigh approximately 4 g of tile sample into a F = grams ofacid carboxymethylcellulosc used,
250-mL beaker and add 75 mL of ethyl alcohol (95 %). Stir l62 = gram molecular mass of the anhydroglucose unit
the mixture with an air-driven stirrer until a good slurry is cellulose, and
obtained. Add 5 mL of HNO3 , while agitating, and continue 58 =,t increase in molecular mass of anhydroglucose
agitation for I to 2 min. Heat the slurry and boil for 5 min. unit "- ,ich c~rboxymethyl group substituted.
(Caution: Note 1.) Remove the heat and continue agitation 4Pcsn
for 10 to 15 min. 14. Precision

14 1 The precision of this method is estimated to beNOTE I-Caution-Care should be excrcised to avoid fire. "•3D•untr
- ±0.03 D.E. units

12.2 Decant the supernatant liquid through the filter and
transfer the precipitate to the filter with 50 to 100 mL of Aethod B-Nonaqueous Titration
ethyl alcohol (95 %). Wash tie precipitate with ethyl alcohol -
(80 %) that has been heated to 60"C, until all of the acid has 15. Sumnmry of Method
ben removed. 15.1 This measurement is based upon a nonaqueous F

12 3 Test for the removal of acid and salts (ash) by mixing acid-base titration. The sample is refluxed with glacial acetic
a drop of the acid carhoxymethylcellose slurry from the acid, and the resulting sodium acetate is titrated with a
filter with a drop of diphenylamine reagent on a white spot standard solution of perchloric acid in dioxane, to a potenti-
plate. A blue color indicates the presence of nitrate and the ometric end point. Impurities containing alkaline sodium r

f necessity for further washing. If the first drop of reagent does will also be titrated under these conditions. Sodium chloride
not produce a blue color, further drops should be added until does no' interfere.
an excess of reagent is known to be present, noting the color
after each drop. Four to six washings will usually suffice to
6ve a negative test for nitrate. 3.4nit.1 Book ,,.45TY Stndards. Vol 15 04.

25!
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16. Apparatus stirrer and titrate to a potcntioinctric end point with 0.1 N1
16.1 pH Afeler. equipped with a standard glass electrode HC10 4 in accordance with 17.4.

and a calomel electrode modified as follows:
16.1.1 Discard the aqueous potassium chloride solution, 19Clclto

then rinse and ill with the calomel electrode solution as
described in 17.2. 19.1 Calculate the degree of etherilication as follows (Note

16.1.2 Add a few crystals of potassium chloride and silver 3):
choieor silver oxide to the electrode.* Af =(AN x 100)1(G x (100 - B))

1r 1.2 Bret.mico, l-mL apacty.Degree ofcetnrilication = 0. 162 AI1(t.000 - (0.030 )

17. Reagents
17.1Aceic cid glcia. / millieiuivalcnts of acid consumed pcr gram of

17.2 Galoniel Elecirode Sohuttion-Add 2 g of potassium sn~e
~., chloride .(KCI) and 2 g of silver chloride (AgCI) or silver=miiitsofHI 4 ad,

oxide (A9 2O) to 100 mL of methanol and shake thiorougi-.I ? = nomalit of leOse,
t~. o saturatc. Use the supernatant liquid. =g~m fsml sd

17.3 Jk4Dio.xane. 4  = pencent moisture, determined on a separate sample,
j&. 17.4 Percliloric Acid (0. 1 N)-Add 9 m L of concentrated i codne'ihScin o6

I h perchloric acid (HCIO 4, 70 % to I L of dioxane, with stirring 12=ga oeua aso nahdolcs nto
(Caution, Note 2). Store in an ambcr glass bottle. Any--.light cellulose, and
discoloration that appears on standing may be disrega,1 ied. 80 = net increase in molecular mass of an anhydroglucose

'*" NOTE 2-Caution-The solution or pcrchloric acid in dioxane ui o ahsdu abxichlgopadd
LI", silcild never be heated or allo%%ed to c,6aporatc. NOTE 3-Thc reSLit calculated in accordance %kith Section 17 in.

~ 174.1Stadarizethesoltio asfolows Dr ** eludes the alkaline sodium from sodium glycolate; liowvcr, if thc latter
po~asiuin is lc.,- than 0.5 %,the interference is negligible.

acid phithalate for 2 h at 120*C. Weigh 2.5 g to the nearest
0.0001 g, into a 250.mL volumectric flask. Add glacial acetic
acid, shake to dissolve, and then make up to volume and mix 20. Precision

thorughy. ipet10 L ito al00mL eake an ad 50 20.1 Statistical analysis of! iterlaboratory test results indi-
mL of acetic acid. Place on a magnetic stirrer and insert the

eletroes f he H mte. Ad narl te rquiedamount cates the precisios: of this method as shown belowv:
electrodes~~reison ofE ttiHneeriddnaryth eqie

. of HC10 4 from a buret, flhen decrease the increments to 0.05 ApproximatePciincDE nt
mL as the end point is approached. Record :.ie m*illilitres ofD.Lel(9%crdn Le)
titrant versus millivolts, and continue the '.:,.ation a few 0.40 to±.0.2

millilitres beyond the end point. Plot the titration curve and 0.86 ±0.032
read the volume of titrant at the inflection point. Calculate
the normality as follows: vsolr

Normality (A. x 10 x 1000)1(B1 x 204.22 x 250)VICST
Z'g whnere:

;.. A = grams of potassium acid phithalate used, 21. Scope
IB = millilitres of HCIO, added, 21.1 T!his is an arbitrary method of determining the

204.22 = gram molecular mass of potassium acid phithalate, vicstofauusolinsfsdim arxyehlvicoit ofauossltoso sdu abxmtil
2 = illlites otasiu aci phhalte oluion cellulose in the viscosity rainge from 10 to i0 000 cP at 25C

Ri~ 50 adedand21.2 The concentration to be used for the test should be20 =millilitrcs of glacial acetic acid used to dissolve agreed upon between thne purchaser and thne seller. It should
A?~,j.. 1 otasiumaci phhalte.be such that tine viscosity of the solution will fall within the-lAlc 17.5 Potassitim Acid Pllialate. primary standard, Na- ag ftli et

tional Bureau of Standards standard sample No. 84. 21.3 o thes rests o h icst fsdtn abx.

mecthylcellu lose by this method will not necessarily chied
I 18.Proceure with results from other types of instruments used Ttt

~ ~ I 18.1 Weighn 0.2 g of thne samiple, to thne inearest 0.0001 g, viscosity mneasuremnetnts.
into a 250-mL Erlentne~er flask %%itlh ground-glass joint. Add 21.4 Trne determinatitons are ; oin on a cokliatcd dry bast

ttir'75 inL of acetic acid, connect to a ~trcoc o~n'r htitn muto oiincarboxymetnylcellulose rc
~ I and rellux gently on a inot plate for 2 In. (luired for the desired conceintration oin a dfry basis u

18.2 Coo~l. and transfer thne solution to a 250-miL bealker calculated from tlie known mnoisture content.
~itin the aid of 50 nntL of acetic acid. Place on tine ia~tctic 21.5 Tinis methnod is intended for referee purposes. Tlie

~tj~s~ j ___________ rookficld spiindles and speeds given in Table I are recon
I .1'i4Doacaiibe nFinnKi~.CiogN 1iIo iisn ended for this purpose, but slighnt dlerivations from tN

Coleman. and lkii Catalog No LB6 ha 0cc fon saisfactory fr Ili table ma, occasionally be fouind con'enicit for in&di'dt.

purpose. appliain



IN. TABLE 1 Viscometer Spindles Required for Given D1439
Vi~o~ty Sp~ndlo Speed.

Rang~e. N. rm Scale Factor *

10 lto 100 1 60 100 1 J

100to 200 1 30 100 2
Note 200oto 1000 2 30 100 103 1000 to 4000 3 30 100 40

10000oo 4 30 .00 200

I~ 22.1isoter, Brookfield type.5

22.2 Container-Glass jar, approximately 2 /-inl. (60-
em) in diameter and 51/4 in. '133 mm) deep, unconstricted J.
it the top, capacity 8 oz (2.. mn3).

* 22.3 Analytical Balance.
22.,4 4fechanical Stirrer-Stirrer constructed of eitherliplei 1)

ipe ainkss steel or glass (Fig. 16attached to a variable speed ~I ob-capable of operating at 800 ± 100 rpm under varyin;I
kid conditions.

22.5 Water Bath, constant-temperature, set at 25*C and T
ca pable of maintaining that temperature within ±0.2*C.

22.6 Thernionieter-ASTM Saybolt Viscosity Thermom-
'7 1 dter having a range from 19 to 27*C and conforming to the V1 I..

-atter' reqluirements for Thermometer 17C, as prescribed in ASTM ->

~'Specification E 1, for ASTM Thermomete rs.7

23. Procedure V II 23.1 Determine moisture in accordance with Sections 3 to n a _
23.2 Calculate the dry-basis sample mass neccessary to MAT'L-STAINLESS STEEL MATL.-PYREX GLASS . J

mae20g otetslinasfollows: PRPLES-4O0PTH OWNDRAFT ."3 ~ ~~Mass of sample, g = I OOA/(I00 - B)In mm.

%here: 3n 7.in9m

A =desired dry mass of sample, g, and 3A 1.5 7.
B B= percentage of moisture in the sample as received. Vi'e 4.8 15.8

2 3.3 Calculate the quantity of distilled water required as 1A 6.4 1 1h 38

240 -S FIG. 1 Stirrer Blade 24

: here: Y=vlm.of distilled w,,'... mL, and 23.6 Remove the stirrer and transfer tile sample container
ye S=ms fsmlg to the constant-temperature bath for I III Check the sampleI 23.4 Add the calculated quantity of water to the jar. temperature with a thlermometer at the end of I hi to ensure

Position the stirrer in the jar allowing minimum clearance that tile test temperature ilas been reached.
ktween the stirrer and the bottom of thle container. 2-3.7 Remove the sample container from thle bathl and

23.5 Begin stirring and slowly add the sodium carboxy- shkvioulyfr0 .vesreteicstywhte, wethylcellIu lose sample. Adjust the stirring speed to approx- Brookfield viscometer, selecting Olie proper spindle and speed
imately 800 t 100 rpm and mix for exactly 2 Il. Do not allow from Table 1. Allow thle spinld~e to rotate until a constant 1

:k the stirring speed to exceed 900 rpm since highler speeds tend reading is obtained.
K to affect viscosity on certain grades of sodium carboxy- 24. CalculationlI ethylcellulose. 2. aclt h icst sflos t

NOTE 4-if the sample is added too rapidly, agglomeration will 241Cluaet vsoiy-sflw:
occur. This may prevent complete dissolution within the required Viscosity, cP = reading X factor

U 25. Report
* 25.1 Report tile results as Brookfield viscosity at 25 C,

e 'M~odel LC;. Brookficid Ens5 .ccring t.,bowtiscs. Inc.. Sioughion. Nfais. or staling tile so!Lhtion conlcentration iand the spin~dle ild .)1Ced~~i~n.hsbcn foiund sitisfi.ctory for this mcthod. ue
Stirrers made "ith 1 :-m. (38.mm). thrcc-bladed propellers avablc from A.3 H Th-omas Co. 110. Dox 779. Philadelphia. Pa. 19105. Catalog No. 9240K have 6crcso

z.~a been found satisfactory (or this purpose.26Prcso
Innual ook of .IST.1f Standards. Vol 14 01. 26.1 rFile dlifference bectween the average of tile results
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obtained by a given operator using a given viscometer and be 0.857 - 0.001 at 25/25*C. If necessary, add water or'
I; the average of the results obtained by a different operator ethanol until the specific graity is v, ithin the specified limits.

using a different viscometer should not exceed 10 % of the 30.3 Ethyl Ether, anhydrous, ethanol-free.
mean of the averages.I .- 31. Procedure

'Vt PURITY OF CRUDE SODIUM 31.1 Weigh 3 to 5 g of the sample into a tared low-form,
CARBOXYMIETIYLCELLULOSE 65-mm diameter glass weighing dish fitted with a cover. Dry

to constant mass at 105 ± VC in either a gravity or aScope mechanical convection oven. Weigh at the end of an initial
percentage of active ingredient in crude sodium carboxy- periods until the change in mass during a 30-min heating

, methylcellulose containing no phosphate. The method has period is not more than 0.10 %. If there is an increase in
T:F" been standardized on materials having a degree of mass of the sample during one or more drying periods,

etherification of about 0.85 or less. record the lowest mass observed as the mass for use in the
27.2 For determination of purity of refined sodium car- calculation of moisture content. Calculate the loss in mass as

boxymethylcellulose (purity approximately 98 % or higher), the percentage of moisture in the sample.
analysis for individual or combined impurities ard calcula- 31.2 Weigh 3 ± 0.1 g of the sample, in the "as-received"
tion of purity by difference will give more reliable results. condition, to the nearest 0.001 g and transfer to a 400-mL

,1 ." beaker.
..;" 28. Summary of Method 31.3 Add 150 mL of ethanol (80 %) that has been heated

28.1 A 3-g sample is stirred mechanically in a beaker for to between 60 and 65"C, and immediately place the beaker
15 min with each of two 150-mL portions of ethant,. (80% in a constant-temperature water bath maintained at 60 to
by volume) at a temperature of 60 to 65"C. The supt -,atant 650C. The level of the water in the bath should be somewhat

I . liquid is decanted through a tared filtering crucible afte ez-. higher than the level of the liquid in the beaker. Cover the
treatment. The undissoled matter is transferred quantita- beaker as completely as possible with a lid that will permit

tively to the crucible, dried, wieighed, and calculated as mechani:al stirring. Lower a mechanical stirrer almost to the
percentage of sodium carbox) meth)lcellulose. The tempera- bottom uf the beaker, and stir for 10 min at a rate suitable to
ture of the ethanol during the leaching need not be closely provide good agitation without spattering material on the
controlled, but the concentration of the ethanol must be walls of the beaker above the liquid level.
closely controlled (sp gr wihin 0.001). 31.4 Stop t'.- stirrer. Allow the undissolved matter to

settle with the .,eaker still in the bath, and then decant the
29. Apparatus hot supernatant liquid as completely as possible through a

:.: 29.1 Filtering Crucible, fritted glass, medium-porosity, tared, fritted-glass filtering crucible.
ii.. 50-mL "apacity.' 31.5 Add 150 mL of ethanol (80 %), at 60 to 65"C to the

29.2 Mechamcal Stirring Motor, electric or air-driven, beaker and proceed in accordance with 31.3 and 31.4.
with any convenient stirrer of appropriate size. 31.6 After decanting the supernatant liquid as completely

29.3 Water Bath, constant-temperature, maintained at 60 as possible, transfer the insoluble matter to the crucible with
: to 65"C. the aid of ethanol (80 %) at 60 to 65"C in a wash bottle, being

j 29.4 Cover-A lid to keep a 400-mL beaker substantially careful to scrape all insoluble matter from the lid, the stirrer,
covered during mechanical stimng in bath. A flanged lid, and the beaker. A total of about 250 mL of ethanol (80,0)

* r preferably of stainless steel, with a slot, wide enough to pass will normally be required to transfer the insoluble matter to
the shaft of the mechanical stirrer, cut from the rim to the the crucible and to further wash the insoluble matter in the
centL-, has been found satisfactory. The center should be cut crucible. During the operations prescribed in this paragraph,
out somewhat larger than the shaft of the stirrer to permit suction should be applied only v hile filtration is in progres
free rotation of the stirrer. Such a lid serves to %-eight down Every effort should be made to avoid drying-out of the filter
the beaker as well as to minimize the evaporation losses cake. If fines appear to pass through the filter, use onl) gentle
during leaching. suction.

31.7 Wash the residue in the crucible with 50 mL of
30. Reagents ethanol (95 %) at room temperature, and finally with severl

'" 3portions of ether at room temperature (Note 6). Without•. 30.1 Ethanol (95 volume %)-Undenatuired or specially
i denatured ethanol conforming to Formula 2B (Note) of the permitting suction to continue longer than necessary, place

.nthe crucible in a beaker or weighing bottle on the steam bat3.
K -until no odor of ether can be detected.

NorF 5-Other grades of denatured alcohol, such as Formula 3A,'1 . arcnot.w~~sfctoy fr tts urpse.NOTC 6-Thorough washing with ether is necessary to remove
arc niot satisfactory for this purpose. ethanol completely from the insoluble matter. If ethanol is not cra.

30.2 Ethanol (80 %olume 7o)-Dilute 840 mL1 of 95 pitcl) removed bcfure oven dr)ing, it may nut be conolettly rcminoid
ethanol (30.1) to I L with water. The specific gravity should during the oven drying.

_:_"_,_31.8 Place the crucible in an oven at 105 ± I'C for l h.
Stir the contents of the crucible with a dissecting needle o

'Corning No 416120 avaiable from A II Thomas Co. P 0 Box 779.
Phiadelphia. Pa. 19105. CatalogNo. 4142.cs0Mhasbefoud3i, fa~ioryror thin rod (preferably of smooth-surfaced metal) to break u
this puipos the cake and facilitate complete drying. Again, dry at 105 !
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.er or.* I'C for I h. Place the crucible in a desiccator. Cover it with a 37.4 Glycolic Acid, Standard Solution (I mg glycolic
Mtlat glass plate, weighing bottle cover, or other suitable cover acid/mL)-Dry several grams of glycolic acid in a desiccator .1
to minimize absorption of moisture from the atmosphere in at room temperature overnight. Accurately weigh 0.100 g of
the desiccator; and cool to room temperature (at least 30 the dried material, dissolve in w ater, and make up to volume
min.). Weigh the uncovered crucible as rapidly as possible. in a 100-mL -volumetric flask. This solution will contain 1
31.9 Dry the crucible for additional I-h periods until the mg of glycolic acid/mL. The solution is stable for approxi- I."

change in mass during a 1-h drying period does not exceed mately I month.
0.003 g. If increases in mass are observed after such 37.5 Sodium Sulfate (Na,SO4).na. additional drying periods, record the lowest mass observed as 37.6 Slfuric Acid (sp gr 1.84)-Concentrated tt2SO..
the mass of the crucible plus dry sodium carboxymethyl- 3C9 cllulose. 38. Preparation of Calibration Curve

l 38.1 Into a series of five 100-mL volumetric flasks,

Se in 32. Calculation accurately introduce I, 2, 3, and 4-mL aliquots of the

32.1 Calculate the percentage of sodium carboxymethyli- standard glycolic acid solution, reserving the fifth flask for a
elulose on the dry basis as follows: blank. Add sufficient water to each flask to give a total :

volume of 5 mL. Add 5 mL of glacial acetic acid, make up to
Sodium carboxymethylcellulose, % (A X 10,000)/(B (100 - C)) volume with acetone and mix. These solutions will contain
%here: 0, 1, 2, 3 and 4 mg of glycolic acid, respectively.
L A = mass of dried residue, 38.2 Pipet 2 mL of each of these solutions into individual

B = mass of sample used, and 25-mL volumetric flasks. Place the uncovered flasks upright
ated C = percentage of moisture in the sample as received, in a boiling water bath for exactly 20 min to remove the

acetone. Remove the flasks from the bath and cool.
33. Precision 38.3 To each flask, add 20 mL of 2,7-dihydroxy naphtha-

the 33.1 Statistical analysis of interlaboratory test results indi- lene reagent as follows. Add 5 mL of reagent initially, mix
cate a precision of ±0.6 % absolute at the 95 % confidence thoroughly, then add the remaining 15 mL of reagent and
level. mix. Cover the mouth of the flasks with a small piece of

aluminum foil and place upright in the boiling water bath for % %
e to SODIUM GLYCOLATE 20 min. Remove from the bath, cool, and make up to : .

volume with -2SO4. j
3-4. Scope . 38.4 Measure the absorbance of each solution at 540 nm . !.'I

34.1 This method covers the determination of the sodium against the blank solution. Plot the milligrams of glycolic
g)colate content of purified sodium carbox)mctlIlcelluiose acid in the original 100 mL ofsolution against absorbance to .-A
containing not more than 2.0 % sodium glycolate. give a calibration curve.

35. Summary of Method 39. Procedure
39.1 Weigh about 0.5 g of the sample (0.2 g for7, 35.1 The sodium carboxymethylcellulose is dissolved in 391Wihaot05gothsape(.gfr ..

35.1het odium0 ),prctathacetulose isdsovedinm semirefined grades) to the nearest 0.001 g and transfer to ap acetic acid (50 %), precipitated with acetone and sodium l00-mL beaker. Moisten the sample thoroughly with 5 mL
ing sulfate and the insoluble material filtered off. The filtrate of a eaid follo e 5 ml terunhsi with a gLsemv of acetil acid followed by 5 mL of water, and stir with a glass

containing the sodium glycolate (as glycolic acid) is treated to rod until solution is complete (usually about 15 rin is
eoe. the reuting color irmea ued at 540-d napwtha- required). Slowly add 50 mL of acetone, stirring during, lene. "The resulting color is measured at 540 nmi with a :

addition, followed by approximately I g of NaCi. Stir several
the minutes to ensure complete precipitation of the carboxy-

met hylcellulose.
36. Apparatus 39.2 Filter through a soft, open-texture paper, previously .,. :

36.1 Spectrophotometer or Filter Photometer, suitable for wetted with a small amount of acetone, and collect the .
Ie measuring absorbance at 540 nm. filtrate in a 100-mL volumetric flask. Use an additional 30

36.2 Absorption Cells, for spectrophotometer, I-cm light mL of acetone to facilitate transfer of the solids and to wash
path. the filter cake. Make up to volume with acetone and mix.

36.3 Aluhminum Foil-Cut to approximately 2-in. (51- 39.3 Prepare a blank solution containing 5 mL of water
ut mm) squares. and 5 niL of glacial acetic acid in another 100-,iL volu-

metric flask. Make up to the mark with acetone and mix.
37. Reagents 39.4 Pipet 2 mL of the solution from the sample and 2

37.1 AceticAcd. glacial. mL of the blank solution into separate 25-mi volumetric
37.2 Acetone. flasks. Develop the color and measure the absorbance in
37.3 Dihdroxj, Naphithalene Reagent (0.100 g/litre)- accordance with 38.2 to 38.4. .. 4

Dissol, e 0.100 g of 2,7-dih ,droxy naphthalene in I litre of 39.5 Using the observed absorbance, refer to the calibra-
sulfuric acid (I [SO,). Before using, allow the solution to tion curve and read the corresponding milligrams of gl)cohc
stand until the initial yellow color disappears. If the solution acid.
is very dark. discard it and prepare a new solution from a
different supply of I I,SO.. This solution is stable for approx- 40. Calculation
imately I month if stored in a dark bottle. 40.1 Calculate the sodium gl)colate content as follows.
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Sodium glycolate, % = (B x 12.9)/(IV x (100 -A)] ally to achieve a nonviscous solution. If solution is nm
I' where: complete aftcr 20 main, add 5 mL more of 1-1202 and hri

B milligrams of glycolic acid, read from the calibration until solution is complete.
curve, 46.2 Cool the beaker, add 100 mL of water and 10 mLd

IV = grams of sample used, HNO 3. Place it on the magnetic stirrer and titrate to i
A = percentage of moisture in the sample as received, and potentiometric end point wNith 0.1 NAgNO 3 solution in 45.1
12.9 = (gram molecular mass of sodium glycolate per gram1•"molecular mass of glycolic acid) x 10. 47. Calculation

m47.1 Calculate the sodium chloride content as follows:* J41. Precision Sodium chloride, % = (AN X.584.5)/[G X (100 - B)
41.1 Statistical analysis of intralaboratory data on mate-

rial containing less than 0.50 % sodium glycolate indicate a where:precision of 0.03 % absolute at tile 95 % confidence level. A = millilitres of AgNO 3 solution added,
N = normality of AgNO3 solution,

SODIUM CHLORIDE G = grams of sample used,B = percent moisture, determined onl a separate samp%42. Scope in accordance with Sections 3 to 6, and

42.1 This method covers the determination of the sodium 584.5 = gram molecular mass of NaCI x 10.chloride content of purified sodium carboxymethylcellulose.

48. Precision' ..-'43. Summary of Method 48.1 The precision of this method is estimated to N

43.1 The sodium carbox)meth)lcellulose is dissolved in ±0.05 % absolute for material containing less than 0.50%IWater and titrated wvith a standard solution of silver nitrate to sodium chloride and ±0.10 % absolute for material co0
a potentiometric end point. H)drogen peroxide is added to taining greater than 0.59 % sodium chloride.
reduce the viscosity of the solution.

* DENSITY
44. Apparatus

44.1 pH Meter, equipped with a silver electrode and a 49. Scope

mercurous sulfate-potassium sulfate electrode. 49.1 This method covers the determination of tile burmI 44.2 Buret, micro, 10-mL capacity. density of sodium carboxymethylcellulose.

45. Reagents 50. Summary of MIethod

45.1 Hydrogen Peroxide (30 mass '0 -Concentrated hy- 50.1 A weighed amount of sodium carboxmeth~i
drogen peroxide (M202). cellulose is transferred to a 250-mL graduated cylinder ar

45.2 Nitric Acid (sp gr 1.42)-Concentrated nitric acid the graduate vibrated to settle the ponder.
(HN0 3).

45.3 Silver Nitrate, Standard Solution (0.1 N)-Dissolve 51. Apparatus
17.0 g of silver nitrate (AgNO 3 ) in I L of water. Store in an 51.1 Vibrator-A magnetic-type electric vibrator attache
amber glass bottle. Standardize the solution as follows: to the vertical support rod of a ring stand approximately I i

.t" 45.3.1 Dry the sodium chloride (NaCI) for 2 h at 120"C. (0.3 m) above the base. A condenser clamp of sufficient stv
Weigh 0.65 g to the nearest 0.0001 g, into a 250-mL beaker to hold a 250-mL graduated cylinder also shall be attachedt
and add 100 mL of water. Place on a magnetic stirrer, add 10 the above rod. The base of the stand should be veighted.
mL of I-1N0 3, and insert the electrodes of the pH meter. Add
nearly the required amount of AgNO 3 solution from a buret, 52. Procedure
then decrease the increments to 0.05 mL as the end point is
approached. Record the millilitrcs of titrant versus millivolts, 52. Place 50.0 g of sodium carboxmeth cellulose ini
nd.cotn 250-mL graduated cylinder and place it in the condr.sciand continu te titration a faw ndleahrcs beyond the end clamp. Turn on the vibrator and allow the cylinder to vibm,;: point. Plot tile titration curve and read the volume of titrant

at the inflection point. Calculate the normality as follows: for 3 min. Record the level (in millilitres) to which t.
sample has compacted.

Normality (A X 1000)1(B X 58.45) 52.2 Alternatively, the sample may be compacted manm
where: ally. Tap it on a hard surface by dropping the cylind
A = grams of NaC! used, repeatedly from a height of about I in. (25 am) until Nh
B = millilitres of AgNO3 solution addd, and volume of the sample remains cons!ant. In order to pree.
58.45 = gram molecular mass of NaCI. c)lindcr breakage, co%,er the tapping surface ,ith a , ,

45.4 Sodium Chloride (NaCI). 'A-in. (3 to 6-mnm) thick rubber sheet or use a plnt
graduated cylinder.

46. Procedure
46.1 Weigh 5 g of the sample, to the nearest 0.0001 g. into 53. Calculation

a 250-mL beaker. Add 50 niL of uater and 5 nL of t1A0 53.1 Calculate the density as follo%%s:
(30 %). Place the beaker on a steam bath. stirring occasion- Densir). rJmL 50/observed reading, mL
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rd heat The American Society for Tastring and Materials takes no position rospecting the validity o1 any patent rights assorted In connection

- m - with any ftem mentioned In this standard. Users of this standard are expressly advised that doterminatlion of the validity of any such
EL of patent rights, and the risk of inifingement o1 such tights. are entiely their ow"n responsibiity.

L~to a This standard Is subjec to revision at any time by the responsible technical committee and must be reviewed every live years and
n f 45.3. inot revised, either reapproved or withdrawn. Your comments are inited either for revision o1 this standard or for addittonal standards

and should be addressed to ASTU. Headquarters. Your comments will receive car'efli consideration at a meeting of the responsibleI technical committee, which you may attend. It you feet that your comments have not received a lair hearing you should make your
m views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Designation: D 4380 - 84

Standard Test Method for . . .

t ±t5 % Density of Bentoniti 'Slurries..'.. .... .... -

euse of
:alibratio .. This standard is issued under the fixed designation D 4380, the number immediately follovng the designation indiJtes the year of

onginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
,..fici .i * ~ superscript epsilon (e) indicates an editorial change since the last revision or reapproval.sufficien'i" '"'"

nl repeat. i. Scope (see Fig. 1). The mud balance consists of a mud cup attached

S - 1.1 This test method covers the determination of the to one end of a beam which is balanced on the other cnd by
- *density of slurries used in slurry construction techniques, a fixed counterweight and a rider free to move along a

!such as are used for barriers to control the horizontal graduated scale. A level bubble is mounted on the beam.
movement of liquids. This test method is modified from API Attachments for extending the range of the balance may be

:.Recommended Practice 13B. used.
1.2 This standard may involve hazardous materials, oper-

ations, and equipment. This standard does not purport to
.address all ofthe safety problems associated with its use. It is 7. Calibration
ithe responsibility of whoever Ides this standard to consult and 7.1 The instrument should be calibrated frequently with
establish appropriate safety and health practices and deter- fresh water. Fresh water should give a reading of 1.00 g/cm3

.mine the applicability of regulatory limitations prior to use. at 70*F (21. I*C). If it does not, adjust the balancing screw or
the amount of lead shot in the well at the end of the

..2. Referenced Documents graduated arm as required.

2. 1 ASTM Standards:
"' D 653 Terminology Relating to Soil, Rock, and Contained 8. Procedure
:"Fluids .

2.2 American Petroleum Institute (API) Standard: .. 8.1 Set up the instrument base approximately level.
API RP 13B Recommended Practice Standard Procedure 8.2 Fill the clean, dry cup with slurry to be tested, place

for Testing Drilling Fluids (Section 1)3 the cap on the cup, and rotate the cap until firmly seated.
..Make sure some of the slurry is expelled through the hole in
3. Terminology . the cap to free trapped aii or gas.

3ne ne8.3 Wash or wipe the excess slurry from the outside of the"- I-v. 3.1 For definitions of terms relating to this test method,

refer to Terminology D 653. cup.
8.4 Place the beam on the support and balance it by

1 4. Summary of Method moving the rider along the graduated scale. The beam ishorizontal when the leveling bubble is on the center line. *
4.1 The mud balance is the instrument generally used for 8.5 Read the density at the side of the rider toward the

f this test method. The weight of a fixed volume of the slurry is.'.x.., , knife edge. Make appropriate corrections when a range
measured by moving a rider counterweight along a graduated'" '="extender is used.
scale. The density of the slurry is then read directly off the.... .st.8.6 Clean and dry the instrument thoroughly after each
graduated scale after the instrument is balanced. u~se.

5. Significance and Use
S.. 5. 1 This test method provides for the determination of the 9. Calculations

density of bentonitic slurries in the laboratory and field. For 9.1 To convert the density to other units, use the fol-
J.. freshly mixed slurry, this test method may be used as an lowing relationships:
.. v indicator of mix proportions. For in-trench slurry, a certain
• value may. specified for maintaining trench stability. P in g/cm = specific gravity (numerically), or

p in lb/ft3 = (p in g/cm3) 62.43, or• ",,, '; 6. Apparatur=
6. Aparturp in lb/gal (p in g/cm3 ) 8.35-

....z --" 6.1 Mud'Balance-Any instrument of sufficient accuracy
to permit measurement within ±0.01 g/cm 3 may be used,
however, the mud balance is the instrument generally used 10. Report

10.1 Record the density to the nearest 0.01 g/cm 3.

.This test method is under the jundiction of ASTM Committee D.18 on Soil
and Rock and is the direct responsibility otSubcommittee DIS '0 on Imperme-
able Barnert. 11 Precision and Bias

Current edition approvcd June 29. 1984 Published September 1984 11.1 The precision and bias of this test method have not
2 Annual Book of ASTtI Standards. Vol 04 08

)Available from the American Petroleum Institute. 2101 L St.. NW. been established. Data are being sought that will be suitable
Washington, DC 2003. for developing a precision and bias statement.
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NOTE-Phot& courtesy of N.LI- Baroid-lJ. L Industries, Inc., Houston TX..k

FIG. 1 Mud Balance
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Im Designation: D 1343 - 86

I Standard Test Method for

Vsoiyof Cellulose Derivatives by Ball-Drop Method'

Thi standard is ,saucd under ite fixed cdesiznation D 1343. the nurmr irnmediatcly folio-inz the kLmiznauon indicates the vear or
.*onpnai acoonon or. in tea a f revision. the year of last reviSion. A numoer in pareninescs indicates the >esr of1 lassroval. A

superacpt epsilon W. indicates ans editorial en'ailse sine the last rvson or rcav)PrbvaI.

This meinod =a bern aproved for wse ov ctencies of inc De~annment of Deeenje to reptwe Metnod 4.1.-.2.1 of Feaerat Tens AletnodI ~ ~Sanar, o. NYIA and for ttng in tne DoD Inoerx of Specificatio'u and Sionaara..

.1. Scope teinperature. A stainless steel or aluminum ball is dropped
U 1.1 This test method describes the apparatus and general inlto the solution, and the time required for it to cover a
Sprocedure for making ball-drop viscosity measurements on measured distance in its fall is recorded. The viscosity of the
soiutions of various cellulose derivatives. Instrucions for solution can then be calculated in poise or recorded in
sample preparation. solution concentration, and other details seconds.
3xre discussed in the ASTM methods for the respective 4.SgicneadUs
:ceuose eiavs4.SgiiacanUe

1. hsts ehdi plcal osltoso aiu 4.1 This test provides an easy method of determining the
ccluloc cnvaive haingvisostie t~an 0 1, b Nicosryof cellulose derivatives in a given solvent. The -

using bails of various diameters and casities. Viscosityv answers are in units commonly used in industrial practice.
results are expressed preferably in poises. Such info-mation is needed for cellulose derivatives that are

1. 1.3 In commrercial practice, viscosites are often expressed to be extruded. molded. sprayed, or brushed as is or in
in seconds using 3/32-in. (2.38-mm) stainless steel balls.2  solution.
When the viscosity is outside the practical range for these FIG. 1
balls (75 to 300 P), the measurement can be made using a 5. Apparatus
caibrated pipet viscometer or a dififerent ball and calculating 5. 1 Constant- Temperature Water Bath, glass-walled.
the observed viscosity to the corresponding time for a 3/2-in. 5.2 Bottles and Caps:
ball. even thouga it is a small fraction of a second. 5.2.1 Bottles. round or square. conforming to the dimen-

1. 4 This stanaard may invoive nazardoais materials. oper- sional requirements snown in Table 1, shall be used Screw
ations. and etiiment. This standard aoes not purport to caps of mea or pnienolic plasic in sizes to fit the bottles and Ccact:Iaaaress all! oftile safety problemns associae - with I's use. It is having aluminum foil or cardl-oard and cellophane liners Heign-
the responsibility of whoever uses this stanac-rd to consult and may be used to close the bottles. Alternati~ely, rubber IAs:ce c
estaolish appropriate safetv and health pra.-:,ces and dezer- stoppers covered with aluminum or tin foil. may also be used Side to

flmine tne applicaotiity of reguiatory, ;irita..115 prior to use. as closures. In tnis latter case. sol, ent loss during measure-
2. efrenedDocmetsment of viscosity can be minimized by remnoving hestopper, A ADmec

leaving the foil in place. and making a small hole in the oow t
2.1 ASTMW Standards: center of the foil through wi-ich the balls may be dropped. wrto 4a1.I D 301 Methods of Testing Soluble Cellulose Nitrate3  5.2.2 Timing marks shall be provided around each bottle
D 445 Test Method for Kinematic Viscosity of Trans- or on the front and back of the glass-walled constant- 6. Calib

parent and Opaque Liquids (and the Calculation of temperature water bath. to avoid parallax errors. The lower
Dynamic Viscosity)4 timing mark shall be approximately 1.25 in. (32 mm) above 6.1 C.5 D87Methods of Testing Cellulose Acette Propionate tne base of the bottle, and the upper mark, shall be 2.00 loing e*lw

- and Celluiose Acetate Butvra& 0.02 in. (50.8 t 0.5 mm) above the lower mark. A practical used:
D 871 M'vethods of Testing CfellulosCe -10ae means of marking consists of wrapping a 2-in, strip of

* transparent sheeting around the water bath at the proper
3. Summary of Method location. The edgecs of the sheeting may be darkenred Wit where:

- 3I sluionofthecelulse er~.a~veis~ i a crayon. A lie-ht locate ako h waler bath aids in g ac
su1 ZAi solinft h ndlsedn.atv smaci obser cving the -ball dunnc its fail.r asuibicsolentandallowed to ccuhi:rzt.- a, a chosen 5. Balls-Uniess specifically directed otherwse. balls of3 varying size and density shall be used, depending on the

Tis it. me-mod is under -he iumnicon of Asp., c~rjc Is., I on Pfi viscosity of the solution. Table 2 gives the useful rn-cs
and PRcmaed Coatina 3ni; tMatemu and is use caw. nnon.jlity ot- Su o. apoiaeaprtscntns n iesoso eea
maise D01.36 an CcIiuiosics. o prxmt paau osat.addmnin fsvr-I CL.re.nt caton avcrovcc Juis :!. :9t6 Nxa~sntz S:cc- 14396 Ortzmai such balls. The exact diamnetcr, wcight. and density Shall bc
puoisnca as D1343 -54 Ust rvious ccition D :3: -iy(5) octcrminea accuratc!% for eachi lot of balls used.

a v inims si- aii is u= m5,lzr.I c nl Graauae-.\ 50 or 100-mi graduated cyl-inder, h-aving
v-2niiv :i: s-aC it u inrot Onined usint in: a =ar .ccc. x. Se:C.-on I a round top opening that can b hicnti% stopp-.re-d. shall !

oimrocs 0 -6. n. in b:c..on ior~e...s :_ se or ermnztndnstoftesitoingrnpt
I~c~e n Inc I9!, .4nnua us a,77i*., tnc.s S:.nac,% ofeswto np-r5

nual Bo ot.<~ S==ofC., vdI 00 C..miit
Anu. boo, 0f.4 S7M1, S.*r..oZras. "10! 01 5..5 Srop 'Watrci,- st.op watch reazdng to 0.2 s.



Ii d 33ball diameter. cm.
"~'~ ID = bottle diameter. cm (in *.he case of~ square bottles th-,

ave-ac o te sdeto side and comner to come-

7 r S I 7.1 Preparation of Solition-Dry the sample and prcpar.
Ia solution as specifie for the p'aritcular mtra.Suc-instructions are given in the viscosity sect.n o eto

D 30 1. D 87 1. and Mlethods D 8 17. W~eigh into the bottle a,
3 appropnate amount of dry sample and specfiied solvent

s dropped accurate to 0.1 gto make about 350 ml of solution. Clus.
sitdrofppe to penetrate the sample. Then tumble or shake until

-ored n -. . . . -uniform solution is obtained. Transfer to the water bath a:ordI Iin 25 t 0. 1 C. and allow the solution to come to temperature.
I I I I I7.2 Viscosity Determination-Drop a 3I/:-in. (2.38-mm

2 Stec/ 80,IItfOSoZ F', stainless steel'ball through the center of the column c,I ining the I I I I solution an ctm its fall through the marke2-n(5.
e~n he ~' Imm) distance, using a stop watch and taking precautions t.C Cfl tc, 0?5 avoid parallax errors. If the obsered time is less than 2Os o
I prctic. I I Igreater than 100 s repeat the measurement. unless directe.

s thto r e 0 8 i . 2 g aCsC otherwise, using a diffierenit ball (see Table 2) which has
pr~cC *time of Wal within these limits. If the solution is known to b

FIG. 1 Factors for Converting Viscosities in Seconds to Poises thixotropic in nature or if the times of fall for successive bal:
71 = F X vary significanitly, use freshly prepared solutions for dupi:fl Cate measurements or measurements with balls of othe

-'led . sizes.
TABLE I Bottlest 7.3 Determination of Lower Viscosities-If the viscosit

ne otmen- Borte Rouna Square of the solution is too low to measure satisfactorily using on
ed. Screw Caa~ z1 6of the balls, use a calibrated pipet as described in TeE
-otds and Weiont. oz 12 12 Method D 445, or other instrument of suitable ranet.
ane line.s Heignt. in. 6.7 . Calculate the result in poises. Convert poises to equivaler.
y, rubber Insice ciameter. cm64baldo seconds as shown in 8.2.

sob sd Sd osic. cm .. 6.0baldp
oousd Comner to ccmer. cm ... 7.2 7.4 Density' Determination-Determine the density of thmeasure- A orxmc ie.Bnssuracyreii uoena soluition' in grams per cubic centimetre by measuring th

'I StO~pct'* from tne Owens illinois Gzass Ca.. Oflo IllinoisS ldg. Tol'eco. Ofto. 43601. as volume at 25 = 0.1 C of a known weignt of the solutio.
)le in the foijows- rouna Mawe No. C-3145 ., t cap 63-400. Frenen square DOCtle A-6732 contained in a suitaole tignrtly stoppered graouated cylincoer
.topped. YAMn C.3D 48-00.
!chi bottle 8. Calculation
constant- 6. Calibration 8.1 Ball-Drop Viscosities-Calculate the viscosity i;-he 'ower pie sflos

*-n'aov 6.1 Calculate the apparatus constant. K, using the fol- Pie sflos
e-.0 =Q lowing equation and exact dimenisions of the bottle and bails =K(a - b)t
*pra-ctica-l used: where:I strip of -K = 2gr l - 2. 104'(d/ D) + 779dD)19 = viscosity at the speciFed temperature. P,

*. Proper K =apparatus constant.S

IaiCtS 11 = acceleraton of gravity in cgs unitsI bals f . r = ball radius, cmn. 'Se T able 2for apomtern .taiu=.

On MeTABLE 2 Balls

)I e~er-jVi~cosir Range.

'i..-o (.E9.mrri ia..n.J.,m 1 0.256 2.82 OCC~I r21 t-z1' 'I,n, 1 0.9rmi iStan,. stv 25, 1o iS 0255 0.15a8 0 0160s 7.66
=.S C--v2-n. i2,23.,mi 75 to 2C0 0 580 0 22:0 O.CS42 763

'/.n 3t.~ri125 :o 60 0 965 03170 0.12,7 7.68
15 ":2fli 50 io .80^ 2.70 0 55S6 0 6:97 7 68
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D 13 43--

= ball de."ity. in g,/cmr. 9. Report F
= solution density, gcm3, and 9.1 Results shall be reported in poises, or in seconds, for a

time of fall. s. 'h:-in. sainless steel ball.
".the czse of a ball of stated diameter and density, this

aculation can be simpiified to: 10. Precision and Bias
10.1 The within-laboratory precision of the test was

X I. determined by submitting 25 pairs of replicate samples to be
'her,:" . run by any one of several operators. Each sample in a .

specfic pair was submitted within 3 to 5 days. Each pair
his factor varies with solution density, b. Approximzte consisted of one sample at the 20-second viscosity level and
-ctors for the various bills can be read from Fig. 1. Exact one at the 60-second viscosity level. The data below shows
actors can be calculated from the exact me.csurements of the the 95 % confidence limits (two sigma) for the two levels.
iscometer and balls. 95 r. Confidencc 1. Scop

8.2 Poises to Seconds-Poises may be convened to equiv- vi. - L-1. Urn1 T:60 sc 38 e ." 1~ T:
lent ball-drop seconds, t, as follows: 60 ic =.3 scc 1.2 TS20 .ec ".00 ,'," "c

.(for %/.--in. ball) = ilK(a - b) Data are not available at this time to show interlaboratory ;.

-hem:' precision. ""Moiture..
Ash-as Su= observed viscosity, P, 10.2 Since there is no accepted refenc mateal suitable h s.

= apparatus constant for the 13: in. stainless steel ball, for determining the bias for the proceaure in this test method
= ball density for ,he 3/-in. stainless steel ball. and for measuring ball-drop viscosity, no statement on bias can .Iron ......
= solution density for the solution being tested. be made. Hea.y MeC" . . .,. . . Me:noz~I C

Viscos.
The American Society for Testing and Materials takes no o3sltbon resec'ing the vaidity of any Patent rights asserted in connoeuion Water-Sc

with any item mentioned in this stanoara. Users of this stanoard are exoressy aivrsec tnat determination of the vanait'y of any such; Alkai.Sc
parent rights, and the risk c/ tntrngement of sucn rights. are emtire y their own responstsithfy. pH .......

Solids ....
This standard is sublect to revLsion at any time by th resoonsible tecnntcal committee and must be reviewed every live years and

if not revised, either reaDoroved or withdrawn. Your commeis are invited either fot fevision of this standard or for acitiona stancaros
and Should be addresset to ASTM Heaccuaners. Your comments wil receive careful consideration at a meeting of tno res.onssD,e 2. Refer,
techntcal committee. wnicfl you [ay attend. I! you feel that your commemts nave not received a lar hearing you snouic make your
views xnown to tne ASTM Committee on Standards. 1916 Race St.. Phifaoetonia, PA 19103. 2. A.
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Designation: D 92 - 85 An Amencan National Standard
American Association State

Highway and Transportatio Otfitals Standard
AASHTO No.: T48

36/84 DIN 517 -•
Designation: 3 84.

., i

S•, Standard Test Method for
. Flash and Fire Points by Cleveland Open Cup1  .

This standard is issued under the fixed designation D 94. the number immediately folloWv 6 the , ,gnation indicates the year of
original adoption or. in the case of revision, the )car of last revision. A number in parentheses indicati, the year of last reapproval. A

superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This test method was adopted as a joint ASTM-P standard in 1965.

This test method has been adopted for i : by government agencies to replace Method 1103.7 of Federal Test Method Standard No.
791b. and Method 4294 of Federal Test Me:hod Standard No. 141A.

1. Scope D 13 10 Test Method for Flash Point and Fire Point of

1.1 This test method covers determination of the flash Liquids by Tag Open-Cup Apparatus2

and fire points of all petroleum products except fuel oils and E I Specification for ASTM Thermometers3

those having an open cup flash below 175"F (79'C). 2.2 Other Method:
1.2 The values stated in inch-pound units are to be IP Method 35 Flash Point (Open) and Fire Point by Means

regarded as the standard. o( the Pensky-Martens Apparatus 4

NOTE I-It is the practice in the United Kingdom and in many other 3. 'Definitions
countries to use IP Method 35, unless Test Method D 93- IP 34 is 3.1 flash-point the lowest temperature corrected to a
specified. This test method may occasionally be specified for the
aetermination of the fire point of a fuel oil. For the determination of we barometric pressure of 101.3 kPa (760 mm Hg), at which
flash points of fuel ods, use Test Method D 93 - IP 34. Test Method D application of a test flame cat, ses the vapor of a specimen to
93- IP 34 should also be used when it is desired to determine the ignite under specified conditions of test..
possible presence of small but significant concentrations of lower flash NoiT 2-The material is deemed to have flashed when a large flame
point substances which may escape detection by Test Method D 92. Test appears and instantaneously propagates itself over the surface of the

Method D 1310 may be employed if the flash point is below 175F specimenU . (79"C); as determined by Test Method D 92 - IP 36.spcmn
(7 ) aOccasionally, particularly near the actual flash point, the application

.1.3 This stardard should be used to measure and describe of the test flame %ig cause a blue halo or an enlarged flame, this is not a
the properties of materials, products,. or assemblies in re- flash and should be igrored.

sponse to heat and flame under controlled laboratory condi- 3.2 fire point-the lowest temperature at which a spec-
tions and should not be used to describe or appraise the fire imen will sustain burning for 5 s.
hazard or fire risk of materials, products, or assemblies under
actual fire conditions. However, results of this test may be 4. Summary of Slethod si

used as elements of afire risk assessment ,vhtch takes into 4.1 The test cup is filled to a specified level wvith the d

account all ofthe factors ,ihich are pertincnt to an assessment sample. The temperature of the sample is increased rapidly -

of thefire hazard of a particular end use. at first and then at a slow constant rate as the flash point is
1.4 This standrd may involve hazardous matertals, oper- approached. At specified intervals a small test flame is passed

ations and equipment. This standard does itot purport to across the cup. The lowest temperature at w&hich application
address all ofthe safety problems assoctatcd isigh tts use. It ts of the test flame causes the vapors aba, e the surface of the
the responsibility of ishoeer uses this standard to consult and liquid to ignite is taken as the flash point. To determine the
establish appropriate safety and heal'h praatccs and deter- fire point, the test is continued until the application of the 6
mine the applicability of regulatory litntat,ons prtor to use. test flame causes the oil to ignite and burn for at least 5 s.

2. Referenced Documents 5. Significance and Use si.

5.1 Flash point measures the tendency of the sample to ht
2.1 ISTf Standards: form a flammable mixture with air under controlled labora- a!
D 93 Test Method for Flash Point by Pensky-Martens tory conditions. It is only one of a number of properties that F.

Closed Tester2  must be considered in assessing the overall flammability T,
hazard of a material.

1h., ess rethod iunder hofor ASTM Committee D-2 n 5.2 Flash point is us.ed in shipping and safety regulations (6
Petroleum Produts Lite nto define "flammable" and "combustible" materials. One

Petrleum Nodctsand Lubricarnts and is t..e direct responsibility of Sbom-s
muitr: W!-03 on Volatility.

Currnt udiuo approtco oct. 25. 1985. Publishcd Decembr 1985. Originally in
publahed as D 92 - 2 1. Last previous edition D 92 - 78". 3 Annual ilook of ASTMt Sicr.dard. Vols 05.03 and 14 01. T.

In tmc IP. this test method is under the junsdiction of the Standauditauon ' Avaiabe from the Institute of Petroieum. 61 New Cavendisb SL. London.
Committe. W.I.. England.

:Ar...ua Book ofASTM Stcr.dards. Vol 05 01.
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TEST FLAME
------- AP.PLICATORC QK

UTEST CUP

3 A HEATING PLATE

IDint of

IMeans
TO GAS SUPPLY-

d o HEATER FLAME TYPE

Er which OR ELECTRIC RESISTANCE TYPE

cuflen to kxctes mitmnetre;
3Imin max rmin max

xge flame A-Oiaineter 0.126 0.189 3.2 4.8
o the g B-Racius 6 nominal 152 nominal

C-Diameter 0.063 nominal . ~ ia

picto D 1 0.078 2
s5is not a .F-Oiarzetee 0.031 ~ noia 0. ominalg aspc-FIG. 1 Cleveland Open Cup Apparatus

S should con'sult the particular regulation involved for precise

vith the definitions of these classes.Fith the 5.3 Flash point can indicate' the possible presence of
ruipidly highly volatile and flammable materials in a relatively .E ___
int iasse nonvolatile or nonflammable material.

i assed 5.4 Fire point measures the characteristics of the sa mple C o
3e of the to support combustion. _________

Il oin the

on of the 6. Apparatus I
3is ~6.1 Cleveland Open Cu p Apparatus-This apparatus con- /METAL

sists o, 1he test cup, heating plate. test flame appAlicator. THERMAL

mpet eater, and supports described in detail in the annex. ThecNULTO
Ipl 0aoa assef'bled apparatus, heating plate, and cup are illustrated in tnie .mrc

ics that Figs. 1, 2, and 3, tespectively. Dimensions are lseinmin max min max

,niability Tables 1, 2, and 3, respectively. .A06 07
6.2 Shield-A shiezld 18 in. (460 mm) square and 24 inl. B 0020 0.039 05 1.0

,ulations (610 mm) high and having an open rront is recommended. C 03 .7

6.3 Thter omneter-A thermometer having a range as D-Oiameter 2.165 2.205 5556
als. One E-0ameter 2.736 2.776 69.5 705

shown below and conforming to the requirements prescribed F-Diamreter 5.7.8 6.260 146 159
in SpeC~Iication E I or in the Specifications for IP Standard

t.. ondo. hermmetrs:FIG. 2 Hewting Plate

27
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J BRASS 9. Preparation of Apparatus must n
9.1 Support the apparatus on a level steady table in a mm) a

apparatus from strong light by any suitable means to permit flame

ready detection of the flash point. Tests made in a laboratory The tir
hood (Note 4) or in any location where drafts occur are not in each
to be relied upon. During the last 30*F (17"C) rise in Note

FILLING temperature prior to the flash point, care must be taken to test flam
MARX , avoid disturbing the vapors in the test cup by careless and rate
o/ , B movements or oreathing near the cup. results.

CNOTE 4-With some samples whose vapors or products of pyrolysis " 10.5

A . arc objectionable, it is permissible to place the apparatus vith shield in a read or
.. • hood, the draft of which is adjustable so that %apors may be withdrawn on the

without causing air currents over the test cup during the final 100F with th

inches mitinetres (56*C) rise in temperature prior to the flash point. 10.6
mi max m:n max 9.2 Wash the test cup with an appropriate solvent to the san

A 2.658 2.717 67.5 69 remove any oil or traces of gum or residue remaining from a 6"C)/m
B 2.480 2.520 63 64 previous test. If any deposits of carbon are present, they (2"C) iI
C 0.110 0.138 2.8 3.5 should be removed with steel wool. Flush the cup with cold at least
D-Raius 0.157 nominal 4 nominal

1.280 1.339 32.5 34 water and dry for a few minutes over an open flame or a hot observe
F 0.354 0.394 9 10 plate to remove the last traces of solvent and water. Cool the 1:. a
G 1.221 1.280 31 32.5 cup to at least 100* (56"C) below the expected flash point
H 0.110 0.138 2.8 3.5 before using. 11.1
I 2.638 2.756 67 70

3.819 3.937 97 100 9.3 Support the thermometer in a vertical position with time of
* the bottom of the bulb 1/4 in. (6.4 mm) from the bottom of correct

FIG. 3 Cleveland Open Cup the cup and locate at a point halfway between the center and followi
side of the cup on a diameter perpendicular to the arc (or Correct.

Thermometer Numb.r line) of the sweep of the test flame and on the side opposite • or
Temperature Range ASTM IP 'to the test flame burner arm. where:

20 to 760'F 1IF 2SF
-6 to +400"C !ic 28C NOTE 5-The immersion line engraved on the thermometer will be ,..

NOTE 3-Ther are automatic flash poir.t testers av-ilable and in ue '~~4 in. (2 mm) below the level of the rim of the cup ihen the ther-S which may be advantageous in the saving of testing time, permit the use mometer is properly positioned.
of smaller samples. and have other factors which may merit their u! 1. If
automatic testers areused, the user must be sure that all of i'e 10. P1'rocedure
manufacturer's instructions for calibrating. adjuting, and opcrat, 'he 10.1 Fill the cup at any coneni~nt !'mperature (Note 6)
instrument are follo'ed. !n any cases of dispute, the flash point asdetermined manually shall be considered the referce tes so that the top of the meniscus is exactl> at the filling line. If
-n mtoo much sample has been added to the cup, remove the

excess, using a medicine dropper; however, if there is sample
7. Safety Precautions on the outside of the apparatus, empty, clean, and refill it.

7.1 The operator must exercise and take ap.-ropriate Destroy any air bubbles on the surface of the sample.
safety precautions during the initial application o' the test NOTE 6-Viscous samples shok.'d be heated until the% are reasonably
flame, since samples containing low-flash material may give fluid before being poured into th,: up. ho,.%eser. the temperature during
an abnormally strong flash when the test flame is first heating must not exceed 100"F (56"C1, ' %% the probable flash point.
applied. 10.2 Light the test flame and adjust it to a diameter of I/

to -i6 in. (3.2 to 4.8 mm). the size of the comparison bead if
8. Sampling one is mounted on the apparatus.

8.1 Erroneously high flash points may be obtained if 10.3 Apply heat initially so that the rate of temperature
precautions are not taken to avoid the loss of volatile rise of the sample is 25 to 30F (14 to 17"C)/min. When the
material. Do not open containers unnecessanly and make a sample temperature is approximatel. 100T (56"C) below the

II transfer unless the sample temperature is at least the equiva- anticipated flash point, decrease the heat sc that the rate of
lent of I S'F (10"C) below the expected flash point. Do not temperature rise of the list 50"F (2S*C) before the flash point
use samples from leaky containers for this test. is 9 to 1 IT1 (5 to 6"C)/min.

8.2 Do not store samples in plastic (polyethylene. poly- 10.4 Starting at least 50"T (2SC) below the flash point.
prop.lene, etc.) containers, since volatile material may apply the test flame %lhen the temperature read on the

S diffuse through the walls of the enclosure, thermoneter reaches each succcssive 5"F (2"C) mark. Passd8.3 Light hdrocarbons may be present in the form of the test flame across the center of the cup, at right angles to

gases. such as propane or butane and may not be detected by the diameter %%hich passes through the thermometer. \\'ith a
testing becausc of losses during sampling and loading of tile smootl. continuous motion appl% the flame either in a
test apparatus. This is especially evident on heavy residums straight line or along the ctrcumference of a circle hating a
or asphalts from solvent extraction processes. radius ofat least 6 in. (150 mm). The center of the test flame
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- D 92 -. 36

must move in a horizontal plane not more than 5/64 in. (2 F = observed flash or fire point, or both. to the nearest 5"F,
ible in a .0m) above the plane of the upper edge of the cup and C = observed flash or fire point, or both, to the nearest 2C,

i3 of the -passing in one direction only. At the time of the next test and
to permit flame application, pass the flame in the opposite direction. P = barometric pressure, mm Hg.

"1 boratory The time consumed in passing the test flame across the cup
mr are not "in each case shall be about I s. 11.2 Record the corrected flash or fire point, or both, to

nakse il NOTE 7: Caution-Meticulous attention to all details relating to the the nearest 5"F or aC.

Staken to tst flame appucar...ize of the test flame. rate of tempramturec 11.3 Repor the recorded flahor firepoint value, orboth,
t careless Ind rate of passing the test flame over the sample is necessary for good as the COC flash or fire point, or both, ASTM D 92 - IP 36

reults. of the sample tested.

of pyrolysis 10.5 Record as the observed flash point the temperature
r shield in a rd on the thermometer when a flash appears at any point 12. Precision and BiasIm, ithdraw on the surface of the oil, but do not confuse the true flash--a 100T Nvith the bluish halo that sometimes surrounds the test flame. 12.1 The following data should be used judgirg the

10.6 To determine the fire point, continue heating so that acceptability of results (95 % confidence).

I Ivent to the sample temperature increases at a rate of 9 to 1 I°1 (5 to 12.1.1 Duplicate results by the same operator should be

g from a 6'C)/mn. Continue the application of the test flame at 5*F considered suspect if they differ by more than the following

nt, they (2C) intervals until the oil ignites and continues to bum for amounts:

with cold at least 5 s. Record the temperature at this point as the . Repeatability

-tor a hot observed fire point of the oil. Flash point 15"F (SC
mCool the "Fire point 15"F7 (S*C')

Cool the . Calculation and Report .Fr on SF8C
.ah point 12.1.2 The result submitted by each of two laboratories

11.1 Obser'e and record the barometric pressure at the should be considered suspect if the results differ by more

-Sion with time of the test. When the pressure differs from 760 mm Hg, than the following amounts:
ottom of correct the flash or fire point, or both, by means of the

-enter and following equations: Flash point 30g(17Cl)
he. arc (or Corrected flash or fire point, or both = F + 0.06 (760 - P) ,.'ie point 25-F (14'C)

opposite or Corrected flash or fire point, or both = C + 0 03 (760 - P) 12.2 Bias-The bias statement is being developed for this

* here: test method.
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ANNEX

S .(Mandatory Information)

Al. APPARATUS FOR THE CLEVELAND OPEN TESTER

A.I Test Cup. conforming to Fig. 3 with dimensions as' that it swings in a plane not greater than 5/ in. (2 mm)
shown in Table 3. The cup shall be made of brass or other above the plane of the rim of the cup. It is desired that a
non-rusting metal of equivaleit heat conductivity. The cup bead, having a diameter of IA to 3/,6 in. (3.2 to 4.8 mm) be
may be equipped with a handle. mounted in a convenient position on the apparatus so that

A 1.2 Heating Plate-A brass, cast iron, wrought iron, or the size of the test flame can be compared to it.
steel plate with a center hole surrounded by an area of plane A 1.4 Heater-Heat may be supplied from any convenient
depression, and a shcet of hard asbestos board which covers source. The use of a gas burner of alcohol lamp is permitted,
the metal plate except over the area of plane depression in but under no circumstances are products of combustion or
which the test cup is supported. The essential dimensions of free flame to be allowed to come up around the cup. An
the heating plate are shown in Fig. 2; however, it may be electric heater controlled by a variable voltage transformer is So
square instead of round, and the metal plate may have preferred. The source of heat shall be centered under the 1.1
suitable extensions for mounting the test flame applicator opening of the heating plate with *no local superheating. flash p
device and the thermometer support. Also, a metal bead, as lube ommtFlame-type heaters may be protected from drafts or excessive
mentioned in A!.3, may be mounted on the plate so that it radiation by any suitable type of shield that does not project surface
extends through and slightly above a suitable smallabove the level of the upper surface of the asbestos board. NO
the asbestos board.

A1.3 Test Flame Applicator-The device fcr applying the A 1.5 Thermometer Support-Any convenient device may contam,
diais.

flame may be of any suitable type, but it is suggested that the be used which will hold the thermometer in the specified NOTE
tip be approximately V,6 in. (1.6 mm) in diameter at the end, position during a test and which will permit easy removal of Depanr.
and that the orifice be 'A in. (0.8 mm) in diameter. The the thermometer from the test cup upon completion of a point ul
device for operating the test flame may be mounted in such a test. those lic
manner as to permit automatic duplication of the sweep of AI.6 Heating Plate Support-Any con-enient support or 9 5cperitnupicaio have .
the test flame, the radius of sing being not less than 6 in. which ill hold the heating plate level and steady may be have a

(150 mm) and the center of the orifice being supported so employed. liquids .

1.2 L
The American Society for Testing and Iaterials takes no position respecting the validity of any patent tights asserted in connection (40C)

with any item mentioned in this standard Users of this standard are expressly edvised thal determination of the vaitdity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responstDay. tenden,
should

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 1.3 ,
ilnot revised, either reapproved or withdrawn. Your comments are invited eaher to. revision of this standard or for additionat standards the prc
and should be addressed to ASTM Headquarters. Your comments vdl receive careful consideration at a meeting of the responsiole
technical committee. which you may attend. It you feel that your comments have not received a lair hearing you should make your sponse

views known to the ASTM Commmflee on Standards. 1916 Race St., Philadelphia, PA 19103. lions at
ha:ard
actual
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Designation: D 240 - 871 An AmVCucn UtJO:a stari

Typo IV

C) Standard Test Method for
0Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb

129 Calorimeter'
£5 - -

5 This standard is issued under the fixed dcsguaton D 240. the number irnm..do:tcly folontng thc dcu".ton tird:zs the )Car of
original adoption or. in the casc ofrevision. the )car of Lst r wisica. A number in rwcn'hccs i-dt%:ea thc )cr of lbst tcappotsI. A

.'gatve superscrip: cpsila, (I) indicates an cditorial chanr irnc the last revisuon or rcpproial.

)0 (149) This it:t mertod his been cdopred for use by gorer. .er: cter-tes to repzrc .I.o 2502 i'Fedral To .tIaStroda=rd N, 791b,
S 2S(174)n ,1s, ,,NOTE-An editoris correction us made in Section 10.2 in No.cmtbcr 1938.
I .S

S2Al . 1. Scope carbon, hydrogen. oxygcn. nitrogen. and surf1 is the quar
I I This tesr method 2 covers the dctcrmination ofthc heat tity of heat libcratcd v hcn a unit mass of the fuel is burned

0754 of combustion of liquid hydrocarbon fuels ranging in %ola- ox.gcn in an enclosure of constant volume, the products
080o tility from that of light distillates to that of residual fucls. combt4:ion being gaseous carbon dioxide, nitrogen, sulf.
c, a.w ris 1.2 Under normal conditions, this test method is directly dioxide, and liquid %atcr. with the initial temperature of it

applicable to such fuels as gasolines. kerosines, Nos. I and 2 fuel and the oxygen and the final temperature of th
fuel oil, Nos. I-D and 2-D diesel fuel and Nos. 0-CT, I-CT, products at 25C.
and 2-CT gas turbine fuels. 3.1.2 Net Heat of Combustion. expressed as megajouk

t is diso 1.3 The values stated in SI units are to be regarded as the per kilogram. The net heat of combustion at constar
Unoticeably standard. pressure of a liquid or a solid fuel containing only th

as "sour". 1.4 This standard may inrolve ha-ardous nmaterials, oper- elements carbon, hydrogen, oxygen, nitrogen, and sulfur.
sulfur film ations. and eqtipment. This standard does not purport to the quantity of heat liberated when a unit mass of the fuel .

3hgray or address all of the safety problems associated wth its ise. It is burned in ox~ger at a constant pressure of 0.10i MPa (
e solvent the responsibility of the user of this standard to establish atm). the products of combustion being carbon dioxid,Sappropriate safety and health practices ar d detroune the t)thprdcsocmbtinengabndox,

adnitrogen, sulfur dioxide, and water, all in the gaseous stat,
Snllercaptan applicability of regulatory limitations prior to rise. For nn c2pan pi i f uwith the initial tciperature of the fur! and the oxygen an

327 and specific hazard statements, see 7.5, 7.7, 7.8 and 9.3. the final temnprature or the produc:s of combustion at 25"C

2. Referenced Documents 3.1.3 The following rclationships may be used for cor
2St rvcning to other units:2.1 AS TXM Standards: .i( ncnto A .2kc ni) =41 6
D 129 Test Method for Sulfur in Petroleum Products t o'- (lntcmati,,n~l "able calnzc) 4.1S6SJ'

(General Bomb Method)3  I Btu (British thcerma! unit) = 1055.06 J
D2382 Test Method for Heat of Combustion of Hlydro- I cat (lT.I = 0.004126S MJAg s

L er rules carbon Fuels by Bomb Calorimeter (igh-Prccision l iu/lb 0.( (W26 MlJ1"
- I to Fed. Method)4

E I Specification for ASTM Thermomeerss -4 Conversion 6,-ar is exact.

E 200 Practice for Preparation, Standardization, and 3.2 Encrgy Fquiralcr, (efltecive heat capacity or wate
Storage of Standard Solutions for Chemical Analyses' equivalcnt) of the calorieter s the energy rcquircd to fais

the tiemperature V exprcssed as &MjrC.
3. Tcrmninology 3.2.1 Decrn,. of Tcru Specific to This Stu;dard-Ti:

3.1 Definitions: energy unit of ineasurcinent cnrlov)cd in this test method a
3.1.1 Gross leat of Combustion. expressed as megajoules the joule with the heat of combustion rcporticd in tnegajoul-

per kilogram. The gross heat of combustion at constant per kilogram (Note 1).
volume of a liquid or solid fuel containing only the elements

I MjlLg U IO Jig

Nnrr I-In St the unit of I-cat of coa-buit:n his the dsmc.onT ',.s zt cmehod is urde thc runs.!hctson of AST.M Ciimat:cc D)-2 on

Pcu.esm trndutr, irJ L, .r.n I i gs Ihe= gg$,'1d S
1 .- I' J .g bunt 6,r pda So U a "h!.F.X!r IS hso ".,n'cn:cn-t l -c'Ar,

I  e.=::ec t32 05 on p, opcr.es 0, frois, ?ctro.m. tCadOl . ,. ~~custntvnly used for the rci naton of heats of ombust:on

Current cd11t;on a-poscj M:ch 21. 1517 PrC:3.XJ May 190 Onfa32y pctr cur f,-clt
-;c.- .1 as 2-0 - 7 T L.tt p:cr'ous cda:on 0 2-0 - SS.
'A moie precise methci de srcr.e i 4t4Vpec for usC '.1th 1U as h a shrc 3.3 Sp-,lt-

fz;sach. = :t.: cin be u-,rj for at ,,d r2-Cc Of %oLb .td 3AnJ :: ile's Is
IVs. .- hn 3t m be usl i de-,i. . , t aanr.tia. t..,056 t 3 I The nct heat of costibustion is rcpr.:-ntcd by th

" )a n rest .1~ t)~o D 332 1rnz~j 14 cl, S 1731 V-J~~.4 05 Z_
II-wi&8,4 ,.4sr tS'-_j=,JrL VAosi. symbol Q., and is rclazcd to the gross heat ofcuribustion bn • ._-t B-ok e.f.€ tr S.'.:-.. -,-t Vo 03 0! the following cquation:

.. a'x, 3. t he , (u c n. 2'C) Q(gross. 2M. - 0 2i22 X i



where: 7.5 Oxygen-Commerical oxygen produced from liquid ha:Q,, (net, 25"C) = net heat of combustion at constant pres- air can be used without purification. If purification is If
sure, MJ/kg necessary see Annex Al.! i. serU Q. (gross, 25"C) = gross heat of combustion at constant NoTe 3: Warning-Oxygen vigorously accelerates combustion. See en
volume, MiJ/kg Annex A3.2. I

Hi If = mass % of hydrogen in the sample. 7.6 Pressure-Sensitive Tapc3-Cellophane tape 38 mm
3.3.2 Tenmperaturcs may be measured in Celsius degrees. ei7. wierete f ie a slfur.

(1e/2 in.) wide, free of chlorine and sulfur. miNOTE 2-Temperatures may be recorded in either Fahrenheit de- 7.7 Alkali, Standard Solution:grees or ohms or other units when using electric thermometers. The 7.7.1 Soditmt H1ydroxide Solution (0.0866 N)-Dissolve tar
same units must then be used in all calculations, including standardiza- 3.5 g of sodium hydroxide (NaOH) in water and dilute to I artion. L. Standardize with potassium acid phthalate and adjust to he,

3.3.3 Time is expressed in calculations in minutes and 0.0866 N as described in Method E 200.
decimal fractions thereof. It may be measured in minutes NOTE 4: Warning-Corrosive. Can cause severe bums or blindn-ss. wh
and seconds. Evolution of heat produces a violent reaction or eruption upon too rapid Qp1

3.3.4 Weights are measured in grams. mixture with water. See Annex A3.1.
7.7.2 Sodium Carbonate Solution (0.0725 N)-Dissolve At

4. Summary of Test Method 3.84 g of NaCO3 in water and dilute to I L. Standardize P
4.1 Heat of combustion is determined in this test me hod with potassium acid phthalate and adjust to 0.0725 N as W

by burning a weighed sample in an ox)gcn bomb calorimeter described in Method E 200.
under controlled conditions. The heat of combustion is 7.8 2,2,4-Trimethylpentane (isooctane), Standard'
computed from temperature observations before, during, NOTE 5: Warning-Extremely flammable. Harmful if inhaled. Va- a
and after combustion, with proper allowance for pors may cause flash fire. See Annex A3.3.thermochemical and heat transfer corrections. Either iso- ,Av
thermal or adiabatic calorimeter jackets may be used. 8. Standardization : cor1 8.1 Determine the energy equivalent of the calorimeter as eve
b. Significance and Use the average of not less than six tests using standard benzoic

acid."° These tests should be spaced over a period of not less 9.5.1 The heat of combustion is a measure of the energy than three days. Use not less than 0.9 g nor more than 1.1 g 9
available from a fuel. A kno% ledge of this value is essential of standard benzoic acid (CHICOOH). Make each determi- (in,
when considering the thermal efficiency of equipment for (an h cOOr ).Mke ecti -9 nd
producing cither power or heat. nation according to the procedure described in Section 9 and pro

5micompute the corrected temperature rise, t, as described in g o.
5.2 The heat of combustion as determined by this test 10.1 or 10.2. Determine the corrections for nitric acid 0.

method is designated as one of the chemical and physical 0.10.2. trine tescretin for n itc idrequirements of both commercial and mtlitary turbine fuels theNO) and firing wire as described in 10.3 and substitute in
and aviation gasolines. following ecuation: kno.

5.3 The mass heat of combustion. the heat of combustion W= (Q X g + e, + e2)/t ()
per unit mass of fuel, is a critical property of fuels intended where:for use in weight-limited craft such as airplanes, surface effect IV = energy equivalent of calorimeter, MJ/*C, wh .
vehicles, and hydrofoils. The range of such craft bctVeen Q = heat of combustion of standard benzoic acid, MJ/g, g
refueling is a direct function of tile heat of combustion and calculated from the certified value, Q,
density of the fuel. g = weight of standard benzoic acid sample, g, N

I = corrected temperature rise, as calculated in 10.1 or that
.6. Apparatus 10.2, -C, requ

6.1 Test Roon, Bomb, Calortmeter. Jacket, 71eanone- el = correction for heat of formation of nitric acid, Mi, inso
ters, and Accessories. as described in Annex Al. n he2 = correction for heat of comnbustion of firing wire, NO. rapt

8.1.1 Standardization tests should be repeated after 97. Reagents changing any part of the calorimeter and occasionally as a the
l7.1 ztc Ad, Standul, ol'-BnzLi add potkd.r must chc,.k on both calorimeter and operating technique, and

be compressed into a tablct ur pellet before %ciglnng. 8.2 Checking the Calorimeter for Use itht I'olatile F- mic
Benzoic acid pellcts fur %hIliLh the heat of combustion has eh-Use 2.2.4-trunetl"ipcnlane to determine Nkhether tile to F
been determined by comparison itlli tie National lurau of results ubtaincd agree Nith the certified 'alue (47.7S8 Mi/kg, fror
Standards sample arc obtainable commcrcially for those cight in air) thn the repeatability of the test method. If witt
laboratories not equipped to pellet bcnioic acid. results do not come %%ithin Lhis range, the method of folh

_ 7.2 Gelatin Calmdes.
- 7.3 ,aihrl O ila.~e or 11rtiI Red Indicator. Cellphane tape Scotch Blrand No 600 or 610 ailable from the innesota

7.4 Mineral Oil. Nfinng andt Manufacturing Company meets the Sprecifcaton terturements.

IObtainaible frorm the National Bureau Standards. Washington. DC 20234. as I
standard %ample No 217h. the rr'OHtainahlc from the Nalional Bureiu Sl.ndard,.. %% ahington. DC 20234. as '0 See Jv.sup. It S. "Precse Mcasuremcnt Of Ifeat of Cunihu~tan '"ith ;I glassstandird sample No 391. Bomb Calonmccr." ,VBS M.t,,n., aph 7. U. S Goer'nmeni Printing Olfice samp
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a liquid handling the sample may have to be changed (Annex A 1.8). where:
Etion is If this is not possible or does not correct the error, run a V = volume of sample to be used, mL,
I series of tests using 2,2.4-trimethylpentane to establish the TV = energy equivalent of calonmeter, J/*C,

tion. See energy equivalent for use with volatile fuels. Q = approximate heat of combustion of the sample, MJ/8.3 Heat of Combustion of Pressure-Sensitive Tape or kg, and
8 mm Gelatin/Mineral Oil-Determine the heat of combustion of D = density, kg/m 3, of the sample.either the pressure-sensitive tape or 0.5 g gelatin capsule/ 9.1.2.1 Add the sample to the cup by inserting the tip ofmineral oil in accoruance with Section 9 using about 1.2 g of the needle through the tape disk at a point so that the flap of
issolve tape 3, 0. g gelatin capsule/mineral oil and omitting the tape will cover the puncture upon removal of the needle. Seal~ o1 sample. Make at least three determinations and calculate thle sntefa ypesn ihl ihamtlsaua.te to I heat of combustion as follows: clown the nlap by pressing lightly with a metal spatula.

ijust to Reweigh tl'.e cup with the tape and sample. Take care
Qpst = (6t X V- e,)11000 a (2) throughout the weighing and filling operation to avoid

indness. where: contacting the tape or cup with bare fingers. Place the cup inoorapid Q,,t = heat of combustion of the pressure-sensitive tape or the cursed electrode and arrange the fuse wire so that the
mineral oil, MiJ/kg, central portion of the loop presses down on the center of theI issolve- At = corrected temperature rise, as calculated in accord- tape disk.

ardize ance with .10.1 or 10.2, *C, 9.1.3 Gelatin/,(metal Oil-Weigh the cup and gelatin5 N as IV = energy equivalent of the calorimeter, MJ/*C, capsule. The capsule should only be handled v ith forceps.
e, = correction for the heat of formation of ttN0 3 , MJ, Add the sample to the capsule. Reweigh the cup x&it,- capsuleand and sample. If poor combustion is expected with the capsule,a = mass of the pressure-sensitive tape or gelatin cap- add seeral drops of mineral oil on the capsule ani reweighsule/mineral oil, g. the cup and contents. Place the cup in the curved electrode

and arrange the fuse wire so that the central portion of theAverage the determinations, and redetermine the heat of loop contacts the capsule and oil.
combustion of the tape or gelatin capsule/mineral oil when- 9.2 Water in Bomb-Add 1.0 mL of water to the bomb[ter as ever a new roll or batch is started. from a pipet.

enzoL c 9.3 O.v'gen-With the test sample and fuse in place,t less 9. Procedure slowly charge the bomb with oxygen to 30-atm (3.0-MPa)1.1 g 9.1 Weight of Sample-Control the weight of sample gage pressure at room temperature (Note 9). Do not purgetermi- (including any auxiliary fuel) so that the temperature rise the bomb to remo~e entrapped air.
9 and produced by its combustion will be equal to that of 0.9 to 1.1
aed in g of benzoic acid (Note 6). Weigh the sample to the nearest accident, thc oxygen introduced into the bomb should exceed 4.0 NIPa.acid 0.1 mg. do nol proceed , ith the combustion. An explosion might occur withute in NOTE 6-If the approximate heat of Eombustiun of the sample is possible violent rupture of the bomb Detach the filling connection andknown, the required weight can be estimated as follows. exhaust the bomb in the usual manner Discard the sample, unless it has(l) lost no weight, as shown by rcweighing.

g = 26.454/Q, (3) NOTE 9-Lower or higher initial oxygen pressures may be usedwithin the range from 2.5 to 3.5 MPa, provided the same pressure is/g, g = weight of sample, g, and used for all tests, including standardization.Mi = e/kg. 
9.4 Calorimeter W1'ater-Adjust the calorimeter water-temperature before weighing as follows:

NOTE 7--Some fuels may contain witer and particulate mnatter (ash)
or that will degrade calonimetric values. If the heat of combustion is ermal jacket method 1.6 to 2.0*Crequired on a clean fuel, filter the sample to remove free water and below jacket temperatureMi, insoluble ash before testing. Adiabetic jacket method is 1.0 to 1.4'C(9.6) below room temperature.*9.1.1 For highly volatile fluids, reduce loss with use of NT 0Ti nta dutetilesr ia eprtr

Mi. tp t orgelatin capsule min~eral oil. NOTE 10-This initil adjustment ".il ensure a final tempera:ure
after tape" or geslightly above that of the jacket for calorimeters ha,.mg an energyafter 9.1.2 Tape-Place a piece of pressure-sensitive tape across equivalent of approimatel) 10 2 kJ/C Some operators prefer a loweras a the top of the cup, trim around the edge with a razor blade, initial temlperature so that the final temperature is slightly below that of

Fi- and seal tightly. Place 3 by 12-mm strip of tape creased in the the jak.ket. This prfedure Is a-ceplable. provided it is used in all tests.middle an" sealed by one edge in the center of the tape disk including standardization.the to give a flap -arrangement. Weigh the cup and tape. Remove 9 4 I Use the snae amotint (±0 5 g) of distilled or
J/kg, from the balance with forceps. Fill a hypodermic s)ringe deiioic d watLr In the calorimeter vessel fur each test. Thed. If with the sample. The volume of sample can be estimated as td of fllows:amount of water (2tiwX g is n .ual) call Ile 'lost satisf'actorilyof Follows: determined by %eighing he cAlorimtcer %essel and water

V = (I' x 0 00032)/(Q x D) together on a balance. The water may he incatsured voltinet--esota rically if it is mue.surcd a3t1%as at the same temperature.
9.5 Obseratton. Iotht'rnial Jacket .lthudl-Assemble

34. as Acepiable procedures for handlng solitite iquids include those d",:retd in the calorimeter in the jacket and start the stirrer. Allow 5
the repons reicrenced it the end of th s test meth d ltt crenees ( I ) to (6) dos.. nthh.,h glJas simple huldec. t7) dtlcnucs a metal smpic hulder. (8) dc,.nb a .t in lor attainndnt .'t utlhl~riun, then rcuord the caorim-sample holder cter temperatures (,Note II) at I-min intervals for 5 min. Fire
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the 'harge at the start of the sixth minute and record the time t = - to - rl(b - a) - r2(c - b) (4) . wh
and temperature, t,. Add to this temperature 60 % of the where: Qg
expected temperature rise, and record the time at which the I = corrected temperature rise,
60 % point is reached (Note 12). After the rapid rise period a = time of firing,
(about A to 5 min), record temperatures at I-min intervals on b = time (to nearest 0.1 min) when the temperature rise W
the minute until the difference between successive readings reaches 60 % of total,
has been constant for 5 mn. c = time at beginning of period in which the rate of

NOTE I I-Use a magnifier and estimate all readings (except those temperature change with time has become constant ell
during the rapid rise period) to the nearest 0.002'C when using ASTM (after combustion), g
Bomb Calorimeter Thermometer 56C. Estimate Beckmann thermom- ta = temperature at time of firing, corrected for thermom- lc
eter readings to the nearest 0.001"C and 25- resistance thermometer eter error (Note 14),
readings to the nearest 0.0001 11. Tap mercurial thermometers with a
pencil just before reading to avoid errors caused by mercury sticking to : temperature at time, c, corrected for thermometer wh
the walls of the capillary, error (Note 14), Q,

NorTE 12- , hen the approximate cxpectcd nse is unknown. the time rl = rate (temperature units per minute) at which temper-
at %hich the temperature reaches 60 . of the total can be determined by ature was rising during 5-min period before firing, and
recording temperatures at 45. 60. 75, 90. and 105 s after Firing and r2  rate (temperature units per minute) at which temper-

terpolating, ature was rising during the 5-min period after time c. H

9.6 Obsert'ations, Adiabatic Jacket Hfcthod (NOTE 13)- If the temperature is falling, r2 is negative and the
Assemble the calorimeter in the jacket and start the stirrers, quantity -r 2(c - b) is positive. I
Adjust thejacket temperature to be equal to or slightly lower NOTE 14-All mercur)-in-glass thermometers must be corrected for knc

than the calorimeter, and run for 5 mm to obtain equihb- scale error, using data from the thermometer certificate prescribcd in fol
rium. Adjust the jacket temperature to match the calormeter Annex Al, A1.5.1, or AI5 2. Beckmann thermometers also require awithin "t0.01C and hold for 3 ra . Record the intial rstting correction and an emergent stem correction (Annex A2, A2.1.2).wtmperaturNo te) and oldfr 3h n.ecodus the inil Solid-stem ASTM Thermometers 56F and 56C do not require emergent wh(
temperature (Note 6) and fire the chare Adjust the jacket corrections if all tests, including standardization are performed
temperature to match that of the calorimeter during the ithin the same 5.5"C interval. If operating temperatures exceed this Qg
period of rise, keeping the to temperatures as nearly equal limit, a dilTcrential emergent stem correction (Annex A2, A2.1.1) must
as possible during the rapid rise, and adjusting to within be applied to the correct temperature nsc, t, in all tests, including H
4-0.01"C when approaching the final equilibrium tempera- standardization.
lure. Take calorimeter readings at I-rin interals until the 10.2 Tempcraturc Rise in Adiabatic Jacket Calorimeter- ann
sane temperature is obsered in Ihree tucccssike readings. Using data obtained as prescribed in 9.6, compute the con
Record this as the final templerature. lime interals are not temperature rise, t, in an adiabatic jacket calorimeter as
recorded as they are not critical in the adiabatic method, follows:

NOTE 13-These instructions supersede the instructions gijen in 9.5 t i-. ta  (5)
when using jackets equipped for adiabatic temperature control, where:

9.7 Analysis of Bomb Contents- Remove the bomb and t = corrected temperature rise,

release the pressure at a uniform rate such that the operation t a = temperature %when charge was fired, corrected for .
will require not less than 1 min. Examine the bomb interior thermometer error (Note 14, and '
for ,vidcnce of incomplete combustion. Discard the test if I  = final equilibrium temperature, corrected for the ther- it is
unburned sample or sooty deposits are found. mometer error (Note 14). . hydes,Jessu

9.7.1 Wash the interior of the bomb. including the ecc- 10.3 Tlrniochemical Corrections (Annex A2)- GO
trodes and sample holder, %,,ith a fine jet of water and Compute the following for each test: JThne

quantitatitcly collect the Aashings in a beaker. Use a e, correction for heat of formation of nitric acid (IINO), Heat
minimum of wash water, preferably less than 350 mL. N I -= cm3 of standard (0.0S66 A) NaOI solution used Of SL

Titrate the washings with standard alkali solution, using in titration x 5/106,
methyl orange or methyl red indicator. e2  correction for heat of formation of sulfuric acid

9.7.2 Remoc and measure the combined pieces of (11,SO.4 .MJ = 58.6 x percentage ofstilfur in sample
unburned firing wire, and subtract from the original length. X mass of sample/ 6106,
Record the difference as "wire consumed." e3  correction for heat of combustion of firing vire, NIJ,

9.,.3 Determine the sulfur content of the sample if it = 1.13 x millimetres of iron wire consumned/lO,
exceeds 0.1 %. Determine sulfur b) analyzing the bomb = 0.96 X millimetres of Chromel C wire consumed/101, -

washings remaining after the acid titration, using the proce- and
dure described in Test Method 1) 129. e4 = correction for heat of combustion ofpressure-sensitt,,etape or gelatin capsule and mineral oil, %hl = mass of

10. Calculation tape or capsule oil. g x heat of conbustion of tape or
10.1 Temperature Rise In oth'r,,al Jacket Calorintle- capsule/oil, MJ/kgJI06.

ter-Using data obtained as prescrilcd in 9.5, comlte tile 10 .t GrosT Heat o Ctmbttstion ConHiute the gross heat
temperature rise, t, in an isothermal jacket calorimeter as of combustion by substituting in the following equation:
follos: Q, (Wt'- el - e - ('.,)/1000 g (6)

122
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(4) where: 11. Report
Qm = gross heat of combustion, at constant 11.1 Net heat of combustion is the quantity required in

volume expressed as MJ/kg (Note 10), practical applications. The net heat should be reported to the
t = corrected temperature rise as calculated in nearest 0.005 Mi/kg.

fre rise w=10. 1 or 10.2, T, N~ore 16-Usua15 the gross hcat of combustion is reported for fuel
= energy equivalent of calorimeter, MJrC oils n prefcrcncc ti net he-,t 'combustion.

(Section 8), ol npeeec nnthi obsin

rate of (Section 8) 11.2 To obtain the gross or net heat of combustion in calel, e2, e3, e4 corrections as prescribed in 10.3, and weightof.(I.T.)/g or Btu/lb dide by the appropriate factor reportingS"onstant g = weight of sample, g. to the naet0.5 elgo 1/b

*rmom. NOTE 15-The gross heat of combustion at constant pressure may be nearest cal/gor I Btu/lb.
calculated as follows: QH,Jlb = (Q, MJ/kg)/0.002326

Qometer w Qo = Q + 0.00614511 Q,,Vlb (Q, MJ/kg)/0.004 1868

/oee 12. Precision and Bias' 3

memper- Qtp = gross heat of combustion at constant pressure,ng, nd MJ 12.1 Precision-The precision of this test method as
ng, and T,and obtained by statistical examination of interlaboratory test

e If =- hydrogen content, mass .results is as follows:

ind the 10.5 Net Heat of Cobustion: 12.1.1 RepeatabIitl--The difference between successive
10.5.1 If the percentage of hydrogen, H, in the sample is test result; obtained by the same op::ator with the same

cted for known, the net heat of combustion may be calculated as apparatus under constant operating conditions on identicalMbed io follows: test material, would in the long run, in the normal and* correct operation of the test method, exceed the values
equire a Q, = Q, - 0.2122 x H (7)
A2.1.2). shown in the following table only in one case in twenty.

wnergent where: Repeatability 0.13 MJ/kg
Wormed Q, = net heat of combustion at constant pressure, MJ/kg,
Eed this ag = gross heat of combustion at constant volume, Mi/kg, 12.1.2 Reproducibilioy-The difference between two
.1) must and single and independent results, obtained by different opera-

i eluding H = mass percent of hydrogen in the sample. tors vorking in different laboratories on identical test mate-

10.5.2 If the percentage of hydrogen in aviation gasoline rial, vould in the long run, in the normal and correct
leter- and turbine fuel samples is not known, the net heat of operation of the test method, exceed the values shoNn in the

ite the combustion may be calculated as follows:12  following table only in one case in twenty.
Smmter as Q,, = 10.025 + (0.7 195)Qg (8) Reproducibility 0.40 MJ/kg

as where:
(5) Q e he a 12.2 Bias-No general statement is made on bias for the

() netross heat of combustion at constant p sure, Mi/kg standard since comparison with accepted reference materials
(covering the range of values expced when the method is

ed for =gross heat ofcombustion at constant volume, il/kg' used) is not available.

12 Equation 8 is recommended only if the percentage of hydrogen is not known.
1 ther- it is based in Eq 7 and an empirical relation between If and the percentage of

hydrogen in aviation gasolines and turbine fuels, developed from data by R S T "lsc summary of cooxtscrat,,c test data from which these rcpeatability and
Jessup and C. S. Cragos, -Net Heat of Combustion of AN-F-28 Aviauon reproducibility %alus ,ere caIculatd u..as puolished lor information as Appendix

A2)- Gasohnes." Nat. Advisory Committee for Aeronautics. Technical Note No 996. XII to the 1957 Repur ufCommticc D0-2 on Petroleum Products and Lubncants.
June 1945, and Joseph A. Cogliano and Ralph S. Jessup. "Relation Betccn Net The summary of test (ita %.as also publishcd from 1958 to 1966. inclusive, as

N ) leat of Combustion and Amine.Gravjty Product of Aircraft ruels," Nat Bureau Appendix ItI to ASf NI M.iho D 240. The data arc now filed at ASTM
u3) of Standards Report 2343. March 1953. .leadquarters as Research Report No. RR D-2-38.-osed
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ANNEXES hydro

(Mandatory Information)

Al. APPARATUS FOR HEAT OF COMBUSTION TEST

AL.I Test Room-The room in wshich the calorimctcr is must be maintained for all experiments, including standard- A2.
operated must be free from drafts and not subject to sudden ization. A

t:.nperature changes. The direct ra)s of the sun shall not AI.5 Thermometers-Temperatures in the calorimeter stem

strike the jacket or thermometers. Adequate facilities for and jacket shall be measured with the following thermome- comp

lighting, heating, and ventilating shall be proided. Thermo- ters or combinations thereof. Differ(
static control of room temperature, and controlled rclati.e A I.5.1 Etched Stem. Afercury-m-Glass, ASTM Bomb Cal- where
humidity are desirable. orineter Thermometer having a range from 66 to 95"F or 19 K
AI.2 Oxygen Bomb-The oxygen bomb shall hae an to 35"C, 18.9 to 25.1"C, or 23.9 to 30.1"C, as specified, and

internal volume of 350 ± 50 mL. All parts shall be conferming to the requirements for Thermometer 56F, 56C,
constructed of materials which are not affected by the I16C, or 117C, respectively, as prescribed in Specification ' L
combustion process or products sufficientl) to introduce E 1. Each of these thermometers shall ha~e been tested for
measurable heat input or alteration of end products. If the accuracy at intervals no larger than 2.5"F or 2.0"C over the T =

bomb is lined with platinum or gold, all openings shall be entire graduated scale. Corrections shall be reported to t,=
sealed to prevent combustion products from reaching the 0.005"F or 0.002"C, respectively, for each test point..i t"
base metal. The bomb must be designed so that all liquid A 1.5.2 Beckmann Differental Thermometer, range 6"C A2.
combustion products can be completely recovered by reading upward as specified and conforming to the require- Beckn
washing the inner surfaces. There must be no gas leakage ments for Thermometer I 15C as prescribed in Specification . may I:
during a test. The bomb must be capable of withstanding a E 1. Each of these thermometers shall be tested for accuracy ; Differe
hydrostatic pressure test to a gage pressure of 3000 psi (20 at intervals no larger than I'C over the entire graduated scale where"
MPa) at room temperature, without stressing any part and corrections reported to 0.00eC for each test point.
beyond its elastic limit 4  A 1.5.3 Calorimetric Type llatinum Resistance Thermom. =
AI.3 Calorimeter-The calorimeter (Note AI.!) vessel eter, 25.fZ. • .

shall be made of metal (preferably copper or brass) with a A 1.6 Thermometer Accessores-A magnifier is required K T, i
tarnish-resistant coating, and with all outer surfaces highly for reading mercury-in-glass thermometers to one tenth of A2 b
polished. Its size shall be such that the bomb will be the smallest scale division. This shall have a lens and holder may b

completely immersed in water when the calorimeter is designed so as not to introduce significant errors due to
assembled. It shall have a device for stirring the water parallax. where:
thoroughly and at a uniform rate. but with minimum heat AI.6.1 A Wheatstone bridge and galvanometer capable of:,. Fact
input. Continuous stirring'for 10 min shall not raise the measuring resistance of 0.0001 fQ are necessary for use with . t atr
calorimeter temperature more than 0.01"C starting with resistance thermometers.
identical temperatures in the calorimeter, room, and jacket. AI.7 Timing Device-A watch or other timing device A2'The immersed portion of the stirrer shall be coupled to the capable of measuring tine to 1 s is required for use with the
outside through a material of low heat conductivity, isothermal jacket calorimeter. " ' A2.2

NOTE AI.-As used in this test method, the term "calonmcter" AI.8 Sample tlolder-Nonvolatile samples shall be 5 5 Js J
designates the bomb, the scssel %iih stirrer, and the water in %hich the burned in an open crucible of platinum (preferred), quartz or N) or
bomb is immersed. acceptable base metal alloy. Base metal alloy crucibles are, titratio

acceptable if after a few preliminary firings the weight does:AI.4 Jacket-The calorimeter shall e completely ce.n- not chnge significantly between tests. I

closed within a stirred water jacket and supported so that its n cae signifitletUse1 ent o. is ,

sides, top, and bottom are approximately 10 mm from the A.9 Firing Vire-Us ea 100-mm length of No. 34 B & nS phyS;cS
jacket wall. The jacket may be arranged so as to remain at gage iron wire or Chromel C resistance vire. Shorter lengths Indwiry.
substantially constant temperature, or with provision for may be uied if the same length is employed in all tests.'

including standardization tests. Platinum wire may be used ifrapidly adjusting the jacket temperature to equal that of the the ignition energy is small and reproducible.
calorimeter for adiabatic operation. It must be constructed so A i.10 erg ir 6ml- a le
that any water evaporating from the jacket will not condense Al[10 Firig Circut-A 6 to 16-V alternating or direct'ate current is required for ignition purposes with an ammeter or. A3.1
onA ouiler.' e jacket with a dead-air insulation pilot light in the circuit to indicate when current is flowing. A Wart

space may be substituted for thle conStant-tepcrature water step-down transformer connected to a 115-V 50/60 lhV Evoluti
lighting circuit of storage batteries may be used.

jacket if the calorimeter is operated in a constant-temper- A 1.2 Ci ino circuit s l sll b of l upon t(ature (±2"F) (_I1C) room.'The same ambient conditions BI2Cuinlh giincici wthsalb t e f u ott
nomentary contact type, normally open, except when held: Befoi

closed by the operator. I Do n

.. The apratus 3,3Nble riom Parr instrument Co. 2i rifly-Third St. Al. I O. '.ygen P triti'ing Device- Commercial ox gnI oi

iMohne. IL 6.6 his Nct. %sfacton for this purrv,., produced from liquid air can generally be used without:
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puriflcation. Oxygen prepared by electrolysis of watc, should impurities may be rno~ed from oAygcn by passing it over
not be used without purification, as it may contain enough copper oxide (CuO) at about 500*C.

hydrogen to affect results by I % or more. Combustible

A2. CORRECTIONS

ILYA% ThR OMTR ORETON TABLE A2.1 Correction Factors

~andard- A2. 1.1 The differential emergent stem correction for solid StigFco

Ureer stem calorimetric thermometers (56F and 56C) may be is -0.0015
rmme-e computed from the following equation: 20 0,000

Diffecrential stemn correction = K(z,:- 1.) (ta + t,- L - 7) (A2.1) 30+0.0029
35 +00043mb Cal- where: 40 +0.0056

F or 19 K =differential expansion coefficient of mercury in glass
ied, and =0.00016 for Celsius thermometers or 0.00009 for acid titrated is HN0 3 and (2) the heat of formation of 0. 1 N

56C, Fahrenheit thermometers.
ication L =scale reading to which the thermometer was im- INO 3 under the test conditions is 57.8 UJ/mole. WVhen

sted formersed, ,S04. is also present, part of the correction for 112S0 4 is
ste orenepraueo emrsed, tem contained in the e, correction, and the remainder in the e2

ed to t,= initial temperature reading, andcortin
11= final temperature reading. A-1.12 Heat of/Forination of/Sulfuiric Acidl-A correction

ige 6'C A2.1.2 Differential emergent stem correction 'or a of 5 86 UJ is applicd t0 CJch gramt of sulfur in the sample.

equire Beckmann thermometer immersed to the zero of the scale This is based ulhn the hicit of l'urmation uf 0. 17 N 112504,
3'cttn my ecmptdasflow:vhich is -301.4 kJ, inoke. But. as correction equal to 2 x 57.8

cuac Kk~-')( t ' A .2) /mole of sulfur %~as applied for I112504 in the e, correction.
ecrale Differential stem correction =Kt-1)(S+I+12- ) A.2 Thus, the additional correction necessary is 301.4 - (2 x

edscle where: 57.8) = 185.8 ki/mole or 5.86 k.J/g of sulfur.

1~oin S = "setting" (temperature at zero reading) of the ther- A2.2.2.1I The %alue of[5.86 UJ/g of sulfur is based on a fuel
tmometer. oil containing a relastively large amount of sulfur since as the
qurd K. T, 1, and ta as defined in A2.I. I. percentage of sulfur decreas&-s, the correction decreases andI qured A2.1.3 "Setting" correction for a Bleckmann thermometer consequently a Lireer error can be tolerated. For this

nhoe may be computed as follows: calculation 0.8 c:, S.-99.2 % C11, was taken as the empirical
t der "Setting" correction =factor X (te - ta.) composition of fuel oil. If a 0.6-g sample of such a fuel oil is

du o where: burned in a bomb containing I cmn3 of wate r, the H-2S0 4
sabl of Factor is obtained from Table A2. 1 and formed will be approximatel, 0. 17 N.

jase wihoadfaa eiedi 2lI A2.2.2.2 Using data from' National Bureau of Standardsse wth t andt,, s dfine in 2. 1 1.Circular No. 500, the heat of reaction S02 (g) + '/2 02 (g)+
device 651 11,0 (l) - l1SO, -650 11,0 (1) at constant volume and

1ith the A2.2 THERMIOCHEMICAL CORRECTIONS 3 M Pa- is -301.4 k/oe
tA2.2.1 IHeat of/Formation of Nitric Acid-A correction of A2.2.3 Heat of/Combustion vf/Fuse Ir Itre-The following

iall be 5 J is applied for each cubic centimetre of standard (0.0866 heats of combustion are accepted;

Iiartz or N ) or standard (0.0725 N) NaOH- Solution used in the acid Iron %%irc. No 34 1) & S gigc 1.13 i/mm
ties are wiration. This is based on thle assumption that (1) all of the Chromel C %4irc No 34 13 & S gage 0.96 3/mmA 2.2.4 Heat of Cvnibitstion of l'ressure-Sensitive Tazpe-

,htdoe"For a complete discussion of those corectionls seC the Amcflcsf istiute of The correction for the heat of combustion of the tape (as
B &S physics Symposum. Tempeature. Iii .ttc'ourener a,id cintrol in Scitnie and determined in accordance with 8.3) assumecs complete corn-

lengths Industry, Reishold Publishing Corp.. New York, NY 194i1. buslion of thle tape.
lltests,

-used if .A3. PR ECAMIJIONA RY STATEN I lNTS

r diectDo not take internatlly.
neter or AX3.1 Sodiumii IHydroxideWhnhnIiguschmclsftgoleoraesild

vn.A %Varning-Corrostve. Can cause severe burns or blindness. \ht adii.ueceia aeygglso aested
1160 1lz Evolution of heat produces a violent reaction or eruption proetii KirXASt ad slolytosufjc o sluio

upon too rapid mixture with water, to a~nid 'iolent spattenng In the prepairation of soluitionisdo
-of the Before using. secure information on procedures and pro- not use hot %%atcr. lirnit temperaiture rise. % itli agitation, to
n el tective measures for safe hatndling. IO*C/nlit or linit solution tem peratutre to a maximium of

MyDo not get in eyes, onl skin, on clothing. 90*C. No single addition should cause a concentration
, ~gen Avoid breathing dusts or mists. increase greater than 5 %w ~ithout
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A3.2 Oxygen Stand away from outlet when opening cylinder valve.
11arning-Oxygen vigorously accelerates combustion. Keep cylinder out of sun and away from heat.
Do not exceed the sample size limits. Keep cylinder from corrosive environment.
Do not use oil or grease on regulators, gages, or control Do not use cylinder without label.

equipment. Do not use dented or damaged cylinders.
Use only % ith equipment conditioned for oxgen ser ice For technical use only. Do not use for inhalation purposes. Thi.

by carefully cleaning to remove oil, grease, and other Use only in well-ventilated area. Tno
combustibles. See compressed gas association booklets G-4 and G-4.1 for know

Keep combustibles away from oxygen and eliminate details of safe practice in the use of oxygen. proca
ignition sources. pFor-

Keep surfaces clean to prevent ignition or explosion, or
both, on contact with oxygen. A3.3 2,2,4-Trimethylpentane I Thi.

Always use a pressure regulator. Release regulator tension Warning-Extremely flammable. Harmful if inhaled.
before opening cylinder valve. Vapors may cause flash fire.

All equipment and containers used must be suitable and Keep away from heat, sparks, and open.flame.
recommended for oxygen service. Keep container closed.

Never attempt to transfer oxygen from cylinder in which it Use with adequate ventilation.is received to any other cylinder. Avoid buildup of vapors and eliminate all sources ofDo not mix gases in cylinders, ignition, especially nonexplosion-proof electrical apparatus

Do not drop cylinder. Make sure cylinder is secured at all and heaters.
times. Avoid prolonged breathing of vapor or spray mist.

Keep cylinder valve closed when not in use. Avoid prolonged or repeated skin contact.
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a. Standard Test Method for.
-~*~Chemical Composition of Gase By Mass Spectrometry*'

nany S_ ..-........

rcnistThis standard is issued under the fixod dmsgnation D2650; the number immediately following th d onun indiene th -ear of **

CILf conia adop.~ t on or. in the r e vision..........as re . .. A number inprentheses indca the year of tis pwa

supdrscriptepsilon (c niae-neioilcag inete. s eiino eprvl

Cster ~j$pe - -~ ; . . .- .E 137 Practice for Evaluation of Mass Spectrometers foi

t1'j This test method covers the quantitative analysis of Quantitative Analysis from a Batch Inlet6

containing specific combinations of- the following...............j '.r:. z.~~
I ~ ponents: hydrogen; hydrocarbons with up to six carbon 3. Termiinology ...

d n3 Ot Ws: per. molecule; carbon monoxide; carbon dioxide; 3.1 Definitions:.-_,,Z hf,-:.. '-':

* ~ :i cptas wih oe ortwocarbn aoms er ol~c~e; 3. 1.1 mass number ornile value of an jj:~he quotient
gr foro~ ti " rogen sulfide, and air (nitrogen, oxygen, .and argon). This of the mass of that ion (given in atomic mass units) and its
*nels ri method cannot be used for the determination of constit- positive charge (number of electrons lost during ionization).

ts present in amounts less than 0.1 mole %.Dimethyl. 3.1.2 parent peak of a compound-the peak at which the
ti naes are assumed absent unless specifically sought. --. mie is equal to the sum of the atomic mass values for that

*ded tog' compound. This peak' is sometimes used as 100 % in-teither th . :jITE IAtogexrinalprocedures app cin. eri- r
.4;wt rm-A cacltougn xena procedures deswihaplcinIe foronr computing the cracking pattern coefficients.

7:;, ''fucnces guide the slcion of a particular calculation: qualitative 3.1.3 base peak of a compound-the peak us'edas 1 00 %
~.4.. tture composition- minimumn error due to components presumed in computing the cracking pattern coefficient.

III. minimum cros interference between known components, 3.1.4 cracking patternz coefficient.Zthe ratio of a peak at
£T miunum sensitivity to known components, low frequency and com- any mle relative to Its parent peak (or in some cases its base

~Tkty of calibration; and type of computing machinery. .pa)

__ Becuse of these influences, a tabulation of calculation procedures 315snaiytehih faypa ntesetu
=in 'comended for stated applications is presented in Section 12 (Table of the pure compound divided by the pressure prevailing in

i .NOTE 2-This test method was developed on Consolidated Electro- the inlet system of the mass spectrometer immediately before
* dnayics Corporaton Type 103 Mass Spectrometers. Users of other opening the expansion bottle to leak.

* -~: . muments may have to mod4f operating parameters and the calibra- 3.1.6 paruaprcssiure-the pressure of any component in
* ~ ~proceure.the inlet system before opening the expansion bottle to leak.

- ~ 1.2 This standard may involve hazardous materials, oper- 3.1.7 cracked gases-hydrocarbon gases that contain
alions, and equipment. This standard does not purport to unsaturates. -u ae-yrcro ae htd oI ~ ~~ address all of the safety problems associated withi its use. It is 3.1.8 straightrugae-yocbngssthtdnt

Sthe responsibility of the user of this standard to establish contain unsaturates.
-~~appropriate safety and health practices and determine the 3.1.9 GLC-a gas-liquid chromatographic column that is

applicability of regulatory limitations prior to use For capable of separating the isomers of butenes, pentenes,
spcii prcuinr tteetseNt.6adAnxA1 hexanes, and hexenes.

~ spcifc prcauionay sateents se Not 6 nd AnexAl. 3.1.10 JR-infrared equipment capable of analyzing gases.

2. Referenced Documents frtebtn smr.

IUracturesj 2.1 ASTM Standards:., 4. Summary of Test Method
Dl 1137 Method for Analysis of Natural Gases and Related 4.1 The molecular species which make up a gaseous

Types of Gaseous Mixtures by the Mass Spectrometecr2 mixture are dissociated and ionized by electron bombard-
D 1145 M'vethod of Sampling Natural Gas3  ment. The positive ions of the different masses thus formedI3D 1247 Method of Sampling M4anufactured Gas3  are accelerated in an electrostatic field and separated in a

S D1265 Practice for Sampling Liquefied Petrulcum (LP) magnetic field. The abundance of eachmaspsnti
Gases' recorded. The mixture spectrum obtained is resolved into

D 1302 Method for Analysis of Carburcted Water Gas by individual constituents by means of simultaneous equations

the IasSetrmtr derived from the mass spectra of the pure compounds.

5. Significance and Use
Ths test method is under the jurisdietion of ASTM1 Committee D-2 on 5.Akn ldgoftecm sionfrenryaess

7 etroleum Products and Ltibncants and is the dirct respionsibility of Subcom. usefu in dinosindgo the sorceti of lnrpetsin daeter-
mi.cD02 04on Hdbon Aaly-sc. editiun inO8 volnoin t5.05 sorc o panuses.indeer

L.=enteecuon aoo'd.ov- 1l. 1988.Publishted Dece 1988 rIngirally mining the s..stability of certain gas streams for use as fuel. orI Oiconnue: se i5O.,'us B~akoi5Ttt~~flli~S. art26.as fedstocks for polymerization and alkylation. and for
Dsoninued: see 19so5 .nuai Bivo,is __________P____6

s.4nu B 1,A 'IA5.4n 'ad'i Vool 054S.1 Stnadslo.0-5

'DSContinurd. see 19'5J Anrua1 Book of .4STMt Sicadard;. Part 19. A.nnual Bok '(IST.11 5,oad. Vol 14 01.
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monitoring the quality of commercial gases. spectrometers with con% entional temperature-coatrol and for. . mass si
- - liboratories that vary the temperature of the ionization

6. Interferences . ..chamber to ob6ffcnstant patterns:
6.1 In setting up an analysis, it is possible that a constit- Run Number Compound " -1. Pr,

uent was ignored. Also, an impure calibration may have R n-butane 1. 1
been used. The spectrum calculated from the composition 2 n-butane - tion 9)-found is to, therefore, be compared with the observed - 3 hydrogen .-=...

spectrum of the mixture at masses independent of the 4 . n-bu-ne ' same c
original calculation. Differences so computed, called resid-........ : .... hydrogn. List t"
uals, should as a general rule be less than 1 % of the original 10.1.2 If the 43/58 and 43/29 ratios of the first two runs :. appror

I mixture peak for an acceptable analysis. Masses suitable for do not agree with 0.8 %, further runs must be made until
this calculation are tabulated with each calculation proce- agreement is attained, either by adjusting the temperature of -r.

dure. the ionization chamber or by other techniques commonly r, 12. Cause
NOTE 3-Another strategy employed to reduce' interferences and used by the laboratory. In any case, the three 43/58 and -- 12.1

I increase accuracy consts of using spectra which have been corrected for 43/29 ratios must agree within 0.8 % and the three butane -. g an
contnbutions caused by the rare isotopes of carbon and hydrogen., sensitivities within I%. The two hydro,!en sensitixities must analyst

7 pa "  ' . : :',....... .. agree within'l.5 %. A standard gas sample can also be used T.rn
-: ;,percen7., .. .... . as an additional check. - . .proced

7.1 "Mass Spectrometer-Any mass spectrometer can be 10.2 Reference Standards-Check the entire range with -basis o
used %ith this test method that shall be proven by perform- the spectrometer evacuated. This check provides a blank or T
ance tests described herein and in Practice E 137. . background spectrum. If the approximate composition of the _The"".;ZX is the

--. "- : . . .- . . mixture is not known;'make a preliminary run over the Z.tu.
8.. Reference Standards "". =...... entire operating mass range. If the composition is known, the -. s, t

8.1 The mass spectrometer must be calibrated with each necessary calibrating gases should have been run recently
of the components constituting the unknown mixture to be enough before the mixture to preclude pattern changes. The where.E analyzed. The calibrating compounds must be of the highest calibrating gases should be run in order of decreasing ;• M -.

pos5;ble purity.' Calibrants may be prepared in the labora- molecular weight. If isomers are present, do not run them in a
tory doing the analysis or purchased ready for use. In general, succession. Introduce the calibrating gases through the inlet _ .. I

the mass spectrometer is capable of detecting impurities in system at a pressure closely approximating that used for the ..,.J
calibrants and the contribution of such impurities to the mixture spectrum. It is important that the recordings of the 1 . The
calibration spectrum can be removed.. . - mass spectra of the calibrants and the gas mixture begin at .'Ur co

- NorTE 4--Same of the calculauon procedures require the use of the same ion accelerating voltage, the same magnetic field, .
combined spectra, for exampic, air and but)lenes. Three frequently used and at the same interval after opening the sample volume to , .-
possibilities for producing combined spectra are as follows: . ' the leak manifold... .. . . __where

(1) Representative fraction from a specific source, " -.. 10.2.1 Run the hydrocarbon calibration gases as follows:
(2) Multiplication factors to convert the spectrum of a pure constit-

ucotto siulaed sectum f te mitur, ad - introduce sufficient sample into the evacuated inlet system to -"~d'rcuent~~~~~~ ~ ~ ~ ~ ~ toasmlte pd fth itr, n ;j1ec t

- (3) Proportionality factors for combining actual calibrations. give 30 to 60 mtorr (4 to 6.7 Pa) pressure in the expansion
A recommended concentration limit for combined rmxtures is given. reservoir of the instrument (Note 6). Adjust the magnetic

At the level recommended, the residual spectrum contnbute less than field and the ion-accelerting %o!tage for the range m/e 2 to 4
0.1 %. error in any one result %vhen the concentration of any constituent on the collector. Open the vahe between the expansion Cr

innthe comie mitrsduldi thcombined mixture is doubled,. -- L.Z " " reservoir and the leak manifold. One minute later, start the --)S s
• " - '-- "recorder'and sweep. After sweeping over the above range, 4 ' y

9. Sampling -stop the sweep and recorder-and quickly'adjust the magnetic 011 4.
.9.1 Samples shall be collected by'methods known to field and ion-accelerating voltage for the range in/e 12 to r .

provide a representativemixture of the materia to be 100. Two minutes after admission of sample to the leak, start -.i -
inaly7ed."Samples can be" collected in a'ccordance with the recorder and s vcep., After sweeping n/e =o100t pump -. ' ..
Method I45 orMethods"D 1247.orD ... ,1265". "out the reservoir;-'nd leak' manifold. At least "5-min of .; .

0 Calibration and Standardition'- r.; ,-.i ;,.r",;-;--" - - pumping time should be allowed between each run. V2'. .... .. - n ) ; :. . i,. . .: : . ,
"'10.1 /Apparatis--Determine whether. operati"ng condi- "NoTE 6--Warning; Samples and reference mixtures arc extremely .

tions remain normal by making certain' tests periodically, flammable. Keep away. from heat, sparks, and open flames. Use with " ,
following instructions furnished by the manufacturer of the adequate ventilation, se Annex Al.1 through A1.5. Cylndcrs shall be _. -""
apparatus. Include in these tests rate of leak, ion-beam asupportedatalltims. Hydrocarbonvapors liatmaybe entedshllbe .
control settings, pattern reproducibility, and gavanometer "controllcd to assure compliance with applicable safety and environ- Z -.

mental regulations. . • • "'-... . . .. :calibrations. "; """ ".. ." ";"" .. ."... . " " ... .- "" , ..

Ill 10.1.1 To ascertain pattern stability, the following 10.3 Cahbration Data-After'thc peaks of the calibration _-"

schedule is provided both for laboratories that have mass -spectrogram have been measured, recorded, and corrected : '
i , " " . . for background, transform them into a state appropriate for t:;L,.%-,

further computation. Obtain the sensitivities if desired by... .....
7 Rcscarch trade hydrtlcrbons from other Philips Petroleumn Co.. Bartlesville. -" thOK. o Abncncant P.etr .A.kum ' lnimiu n Sun aratr7eOf. Canric orde in pepesr i h xasonrsri f h 0  :.

OK. of Amenrian P roicu insttute Stndnee Referni e Offic. Camcvc dividing the number of divisions of the base peak by the

Melon nlvmty Piuouh. A. avvbee Ivnd awfActry.recrde saplepressure in the expansion reser-,oir of the

342 '

.... I' recordd sampl



.. .. .165

ol1 and frtl mass spctrometer. Repeat the procedure f6r each calibrant. Where increased precision or error control has been specified
7 anItuO'n, in.. this test method, miore complex-ccuainmstb

SProcedure -. In each of the'ab<:N calculations, thex6j -s must be divided
z 11. Introduce the sample without fatotin(see Sec- -the sensitivity for j to get partial pressure. Sensitivityfrcinto e-~ coefficients; may be used instead of the iwhccaets

U st i don 9). Obtain the mass spectrum of the mixture under the ste is, not aplcbe-......~~l .. A. ah I* ~~~~a sanie conditions as the calibration spectra (see Section 10) T s um noth prial pesrssol.arewti
a~iList the peak heights 'of the spectrum along with the wihtepsuemaurdnteepniorevorfe

jounsZ prorae/evle-..'.. ;4~ -.* mass spectrometer unless water.*vapor is. presnt,.injhe.
Jeunil: CL ;.--~.~ . .,sample. Diyide each partial 'pressure by the total calculated

fture of2 ' * _ _------ ~ cz :'-~--pressure and multiply by.l0O to obtain mole-percentages..-Z
- mmonl w- 12 Ciilu~ation- ..........

158 and-'- -- 12.1 Schemes for calculating specific mass spectrometer - ~-'
gasne an yssa ., cent correct to one decimal place. Comments shall appear oes mut th a nayeae showne in TabeI.ciresut narpr f 3lRslssalb ~ td in ole (gas-volume permutM analysis. on th*ape srcie nml gsvlm) the form in the event the smlisnot reported on an "as

Tpercent unless otherwise noted. These schemes* are possible r eceivedt" basis. In any event the serial number .of. the.
lane procedures fronfi which the user can make a choice......ecaculation procedure shall appear on a report of analysis.I '~th -basis of his particular problem. -3 ~ ~ *'( !0. v3i5. L'~.

~ f th e. The calculation basic to all mass spectrometnc gas anal-ysi 4PrcisinadBs R '~

em he is the solution of simultaneous equastions. These are con- '714.1 The precision of this tecit mn~ihod as determi lfd by
vn, the," structed in accordance with Eq 1: .. ; statistical examination of interlaboratory results is asfows

recetly~ m 1 Zaxx~. ~: 14.1.1. Repeatability-The difference between two test
rece Thi where: x - results, obtained by the same operator with the isame?

-e&sn 1 :e mixurrpek: apparatus under constant operating conditions on identical
casmingt egta h ihnl sd test material, would in the long run, in the normal and

- j a = pattern coefficient for the ]th component on the ith correct operation of the test method, exceed the valuesthe inlet. peakand . . shown in Tables 2 and 3 only in one case in twenty.
or the" -- x =corrected base peak height of component]J. 14.1.2 Reproducibliy-The . difference between . tw;op f he~ These equations will be sol,,ed, where indicated by the single and independent results obtained by different opera

o-gin at Unicomponent Peak Method: tors working in different laboratories on identical test mate-
-tic field,'.

* - a~k. (2) ial would, in the long run, in the normal and correct
- ~ ~ ~ ~ ~ ~ ~~: i..t ~ . .. i ?l x)a. --- ~ operation of the test method, exceed the values as showvn in

S where k = I refers to the heaviest component. .. - Tables 2 and 3 only in one case in twenty.----
follows: ._ Where simultaneous solution is indicated, a variety of Nre-TcpaS o tsts mhowantobiedn

emtI direct arithmetic procedures may be used interchangeably.8 accordance with RR.D302-1007.
Insion.........-.. . . . . 14.2 Bias-A bias statement cannot be dete~rmined be
qgnetic ...... cause there is no acceptable reference material suitable for

e~to t~---- --- --. determining the bias for the procedure in this test method.E nsion MIZ Crout, P. D.. 7.A Short 'Method for Evaluarn Dierminants and Solving
rt te ~Systems of linear Equations with Real or Conmpicx ceffcients." MarchantIr h C.alculating Machine Co.. Bulletins MM-182 and 1.7). ASTBA, Septurnber 1941.range, 4 Dwyer. P. S.. Psychomefna. Vol 6, 1941. p. 10lt o!, H.. Am. WtfdL S..... Tranguar Inverse Method. Arali.cai Chtemisi'. ANCHA. Vot 30. 1959.

iagnetic Vol 14, 1943, p. 1.. p. 877.
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I ~TABLE 1 Calculation Procedures for Mass Spectrometer Gas Analysis -1

NoTE--Coding of calculation procedures is as folows Serialf
0 -Order peaks are used inl the calculation expressed senaiy from 1 to n. n being the total number-of omponents. --

PI mle of peak used and prefix. M. if monoisotopic. Nae
M -. Method of computaton
U - Ukomponent Peak Method
M. Simultaneous equations where 'a* identifies the particular set of equations if more than one is used. ~Comopc

-Chemically removed. ~
Residual - mle of peak sutable as anindendent check on ft melid Hea

SerialNo................ 1 2 3 4 5 6 ir'Hexan(

D13AD 13020 . . . ., Toluen.

- rCarbureted H,-C8  Reformer 3C 4;;: Hdo
Naeo plc'Natural Gas Wae~s. Gas -ZC Carbo

Cponient 0 P M 0 P M o0 PC M 0. P M OC PC M 0 P M 'YNifioge

Hydrogen 6 2 M 16 2 U 17 2 M 0..............................AirG
Methane 516U 7 Wis M 15 16'- U 16 16 M' 0.........................Residu
Ethylen 13 27 M2 12 27 M 13 26 U 15 26.M 0 .. .. .. .. ..

Etae12 30 M2 8 30 M 12 30 U '13 30 M 0 .. .. ..... .. Residu
Propene 10 42 w.4 11 42 M 8 42''M2' 12- 42' M ''6 -42 *M'..........
Propane 9 29 M2 9 29 .M .3 44 MI.-14 :-29 M 9 29 M 3 29 .M
Butadien2 9-. . . . . . . . .93 ... ',.... 10 54 M 9. . M M .seial IIButene-I 6M 6 U 94 M2 '8 56 M 8 41 M M Nm
Butene._2 .8 56 W2 5 56 U 10 55 M2 8 56 M 4 56 M .. .. M
Isobutene 8 56 M2- 5';56 if 56.2. 8'6M~ 9M......MCompc
lsooutane 7 43M. 5... ... 4'M43 MI 11 43,.M .43 M 2' 43 M G

P=utn 6 58 'M2 4~ 58 U 5 56 Ml '658 'M -258 M 1- 58 M 7=
± enoes......................3- 70' U 2 70 U 9 55 M 3 70 M........M X.PMetnar

U sopentane 3 '... . . . . . .36 M57 1.4 7.657 M 1 72 M .. .. E1thalre
72enan M2 2 72 U ' 7 72 M2 5 72 M '...' ... ... ... ..

Ben~zene ........ 2............ 7 .... 4 78 M
Hexanes 2 ........ 7 7... ... ... ...... M.............-
C6 cycl; cparafns -. ... . .'2 .. 7 .. .. 3 '84 M .. .-. . .

eaes '5 57- M2 '2''...... 1 71 U :2 86.M...... ..... ..........- ~ 6tn
Toluerie................2.....'1 .. . 1 92' M ...*: ... .

7 Hydrogensulfide.....23 ;;1 .2 ... ..... . .. 21 34 h!1..................... ........... =&Vbt
Carbo dixieI 4 '10 44 M I .. 0 44 M .. .. . . .. . jsobut;~I~i~'W~... t OhButafl Carbon monoxide . .. 13 12 IA 1 C 18 28 M .. .... .

Nitrogen . 14 28 M2 14 14 PA 14 28 U 19 14 IA .. ; Penter,
'3 32 MI 1 32 U 14 .... 22 32 M '1 3 U.............Rsoe

Helum * 1 4 U . 1 .. .. 14 .... ... .. .. .. .. .. .. .. Sne

SeialNo ....... 7 8 9 10 .. 1~.. 12 .13. Hexan,

*Comral Comrca B8 Streami Dry Gas - .Mixed fso -..- Reformer Untb-i 0 C6 cyc
Propane Cpnmieroa (Cracked Cracked and Norm, GasLp ie Fe '!exari.ueNamean Butanealo '- Butanes) '1FeGsButanes Ga Gase FuH dTle

- Component- '0 P M 0OP M Op PC OPm 0 P A O M 0P MA 0 0 PC M ~.Cabor
* . .' Carbor

Hydrogen... .. .. ...... ... 15 2 M '......... 10 2 1A .16 2 M
Methane..: .;. ~. . . . . . ........ 14,16 M ' ' .9 16 1. 15 1,6 IAMl
Ethylene' .~'7 -26 M.......................12 26 M .......... ...... *13 26'I "M ' rWater

Etan 'h6 30 MA................'11 30 M 7 30 M 4..12. 30 MA
S' 4 M 7 i -- _- 4i i 42 . 8 42 M

* Propane 5' 424 IA 7 42 IA 6 2 A "'0'42"- 3. 44 MA '4 4AM -4 44 7 7-44 M 5 4A 44 M.16 44'M:
Praon ZPenfac

Bua....................... 54' M 3 54 MI .... 2 54 I
ButeoO'1 ,. . 56 I 1.56 IM 7 41 MA 1.. ..... 9 41 MA .:'eht

7'uen. ''1 56 MA 1 56 MA'8 56 MA -.1 56.-M~,. . 15 .ey
Isobutcq 1.. M:1 E .9 39 IA 1' 4 43 MA........... .... 39.Mla
lsobutane .'.4'43 MA.- -5.43 IAm 5 43 M -8'43 IA 158 M 6'-43 MA -7'43 M IA R

"2 58 MA'2 58 M 2 58 PA 58IA25 IA 35M .RsdI wo 6~ ,,. .' 70 IM 70 U -.. 9 70 IA 3.5S7 MA '... 70 U jiA M
Isopentano .. 3 57. PA 3 757 M -2 57 MA 4 72 MA 57 M .;a.

n-Pentano . . . . . . . . .6 72 IA . . .. . . . 5 72 Mr
__................. .......... ... ........ .... H U H

0
t

Z,.;. 0oC

- :, . ' . ' Besob
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___________BL 1 -- 9 10ontinued-

_ _ _1_B__ _ _ _ _ _ _ DryGas

Copnna P M 0 P MA O~C PA-0P PA 0 _P PA 0 P M - Cp c -

- Hexeflos " .... . ... .... .. .. .. , DL
Z.Ca cycsc parat M

~* Hydrogenl sulfide .. .. _._..

SCarbon dboxido *Q '--" 0c 0 0a C
;..:..Cabonmz-oxide .... 1 M.8 2 A .8 M

PAroe ... .... 132P :~88P I 8P
Z Ai -2-32 PAM 32 _M 132 MA-

cReiduGase :.t C -

Residual' ?~ 7.A - -27 14 :_1110 27V M-~1 .M.14 IM. 1-17.4.14..M
- .-- :9.29 . P 9-- 29 M. -'11 29 M -17-15" P $12 -157M -.18 -15 -M "T

Reiul L-8%2. -f13' 27~ ?A 9 27 ".M'~
-- A Residual' .. .. .. .. . .l. 9 29-P ..-.- '.. 14 .'29 -.-20 29 'M~

_...3 _ Harne or Appication .- 142-C Cracked Gas -- H2-CO Slr.wght RLE1 Gas . ~ . LWgt Reflnery Q3a --s~

-M 4Componient 0. .o 1 0 M PP

M yrgn1 2 PA 1 2 - P 20 .2 U
MA Methane 2 16 ?4 2 p16. P 17 16, PA

Etien .426 A .. ... ... 14
.~Etrn - * 7 -30 MA 5 30 - PA. 13 -. 30 M.P .

S-Pfropane - 11 42 M. . ;.. ... ... .. 12 42 .M
Pr"~P opane 6$ 2.9 .14. ~-4.29-.- MA 10 _29. -- P

-. fe.Butadvx.......r--1 is 54 M --.---.- - - - - -

Butene-2 .- 16 56 PA... ... .. - .. . -

Isobutane -12 43 .49 43 1; 43 -P
n.8utanc 18 58 1A 14 58. M 6 6_3 M

- Pentenes .21 70 1A is . .. 1 70 M.

; sopcnwane .17 57 PA 13 57 P 7 - 57 1A -

~o n-penitane .22. 72 M. 18 -- 72. 1As 6 72 Mp I,

W Benzene* 19.. 78 M PA 78 U~s

C, Ccycric paraffis ... ... V. 20. 84..A

Va. 'exarnes .. .. 17 71 PAM 86
* ~ ~ Toluene ... .21 92 PA....3.. Hydrogen s.Afie 9 :34 V 7 34 PA 1 34U

PC M Carbon d-oxide - 13 44 PA 10 44 PA is 44 U
~ A j Carbonmonoxxle ... ... - . . .. 112 U

,A Nitrogen 5 28. MA ... ... ... 19 28
M, Air 8 32 PA 6 32 PA - 2 32

S Water 3 i8 PA 3 18 PAS ... ..

S Cyctobutar-a . ..- ..-. 12 56 PA.

42 M. 9 Cyctopectene 20 67 PAM- ... ... ..-. ...

PS ~ Cyclopmettri ..-. ... ... 16 70 1., . --

fA '! cza-ns206 A - ...

PA ; : PethyMercaotan 14 48 PA 11 48 hi ... ....
29 I i EtrIyIm-n~c2a=n 19 62 PA i5 62.P

Resduaei14 24 14 PA 22 - 14 PA-

U MA~end0 1137.
?A M .ethod 0 1302.

2 )A c hems spectromneter ana.'ysis for .sornenc Wucenes ~s far Sees aco;ia~e uMan lot thM othr. hdfocatbOf Wrp0Oitfs. The ve - 5 Wvve wn to.o isomer
0 lutene analysis by mass spe omelee ran.o (trnm 1 0 to 0 mote % ecom.5rlg upon t.- concnu'auen. gaNges end ex'ent of 1~ n n Lin'en cakra.".5, Tbs

i-.cwaoes w.53 ramge SOl rper When pentenes wo present %n WWge o-.n 0 5 conccinratS. SCOA~)'AW CaenmisteY. Voi 22. 1950. P, 991. 1b.6. yes 21. 1949. p. 5.47~
15 am IOd. Vol 21. 1949. p 572.

in 4.buy nd ponter-es specjz aoe con-poais based on qycjoa GLC ana.'ses. Hexeno and lhexano I :trra rm a 1,0 O~nccd DO=c~

rI Stenesr opcifLX arlestn5

a-so wwv-i less u-an 0 3 %~ of c.3 total peak hc~gft AA 1~ 8 res;';iz S.%1b DO;Ss Uinn I of oMo peox rw-rt: or 0.2 dvison. v-ne4hever rs fea ter.
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TABLE 2 Summary of Results of Simple-Calculated by Do
- Scheme 16 -Do

- Moe - -. OA Sta:
* Crnoi.el en.~ - .C valve.IAverage Kcc,
Hycogen 20.6 0.2 22

zM.%e34.1 0.4 1.4 . l
Ee1re5.4 0.1 02 A .jEmane 12.4 0.1- 0.9 Keno

Propane 3.8 0.3 0.32ue
Bu~yWes 2.6 0.1 02us
tsobu~a- 2.5 0.1 0.4 Ne%
Norrrabutane 1.2 0.1 . 0.2 times.
Peraernes 0.4 U.1 ' K .lsopernane (15 0.1 02 ie

6 -. - 14 -n mw k-. 05 0. 0-

1ainCoie02 000 Do
-5. 0.1 0 02 h

-- rbc Seta 1_Wte 14614

AR p ee ataay mnar de aodnd Dono.~n -S~e~~y ~ e

0.0LE 3.8 Prcsono rceue fr16as pctoee Aayi

Veme o. .... 14. . .- bfr

I an .. .. : .58 0.18 n-
n.8tf.2e 02. 0 .- 1=8 0.0Us
EurPet~ne *- ..-. 0116 0.05

EtU. 0. 7 .0157 0.10
~~~~~00 7: ~~- - .M2 - 0.0216 .

Krcge 0.-02 0.36 32.16 0.52 Ke.

Oe ecs 0!.18,5 2~r ~..

fie~ar-e ... 0.13002

-.--xer ... -M 0-* . . . . . . . .0 *

ocee o-*7~ F--jr 50 Jnfrnatoi) *~. . 2ai

A Al.o PR0UINR 1137.rT ~efnfrmha. oti
AI~~~~~~~~~l~~ f.rgnKc yidr u rsnadaa

3b

3 ~~ ~ ~ (adtr tImefoemayinde .av cl:dwe nr~r
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Do not inhale.... ".... .. , .,,-., - " .Do not transfer cylinder contents to another cylinder. Do
Do not enter storage areas unless adequately ventilated...- not mx gases in cylinder..

.Stand away from.cylinder outlet when opening cylinder ,;Keepcylinderyave closed when not in use. .",-.-'Y "-' ' f vav e.,,i .., Do .... i.nhale•....,. ' r~ .': ' t2 v¢)

_ .Keep cylinder from corrosive environment...... - ...... --, Do not enter storage aeas unless adequately ventilated.
Flam.able . s 'Stand away from cylinder when opening cylinder"....:', 1.'. 2 Flam m ai-ble G as '" " " ' '" ".. .. . . " " • v alve -. .. .. .. .... .- -... .. ... . .. .. .-'

S Keep away. from- heat, sparks, -and .open flame, and -Keep cylinder from corrosive environment.
non-explosion proof electrical devices. - - - -. ';. Do'nt.iylinder j-,-thout label.- ,-

Use with adequate ventilaton. ..... .. . '--Do not use dented or damaged 6ylinder -K.....
Never drop cylinder. Make sure cylinder is supported at all For technical use only. Do not inhale. -

Kep'cylinder out of sun and away from heat.:'- .t ,4-' iA.4 'Flammable Liquid (general) ..,.. .

- . eeclway ner oipsute reuao.Rles euao " ..............
Always use a pressure regulator. Release regulator tension Keep avway from heat, sparks and oen flame.

before opening cylinder. __- -........... Keep container closed. •
Do not transfer ylinder contents to a'iother cy1iiider. Do ,..,. Use only with adequate ventilation. -

4'-' A not mix gases in cylinder. vt - "  - - r "- ,.Avoid prolonged breathing of vapor or spray mist..
.- ~ .- Keep cylinder valve closed when not in use. " - .id prolonged or. repeated contact with skin.".:-. , .-..: -.: Do not inhale. ".. . . .., ' "7 . "- " . . . - ."

- ' Do not enter siorage arias unless adequately ventilated. A1.5 Press'uriz "Gas (gierail)
;. Stand away from cylinder outlet when opening cylinder .Keep container closed.

valve. : .. • . ...... .' .Use with adequate ventilation..............
lt Keep cylinder from corrosive environment. .Do not enter storage area unless adequately ventilated.

Do not use cylinder without label. Always use a pressure regulator. Release regulator tension•
Do not use dented or damaged cylinder. . before opening cylinder .. .
For technical use only. Do not inhale. Do'not transfer cylinder contents to another cylinder. Do

S A Flamabe.LqueedGnot mix. gases in cylinder.
A1.3 Flammable Liquefied Gas Do not drop cylinder. Make sure cylinder is supported at

- Keep away from heat, sparks, and open flame and all times.
non-explosion proof electrical devices. Stay away from cylinder outlet when opening cylinder

Use with adequate ventilation valve.
Never drop cylinder. Make sure cylinder is supported at all Keep cylinder out of sun and away from heat.

... - times. Keep cylinder from corrosive environment.
, Keep cylinder out of sun and away from heat. Do not use cylinder without label.

Always use a prcssure regulator. Release regulator tension Do not use dented o damaged cylinder.
, before opening cylinder. For technical use only. Do not use for inhalation purposes.

APPENDIX

(Nonmandatory Information)

XI. REFERENCE STANDARDS FOR PROCEDURES 14 AND 15

XI., 7itenes-Butene-l, butene-2, and isobutene may know the margins of error or to obtain new weighted
be averaged 13, V13, 113. However, when a straight average is sensitivity coefficients to maintain low deviations.
applied, limit the butcnes total to 10 to 15 mole % to hold X1 .2 Pcntcncs-Utilize weighted sensitiity cocfficients at
maximum error of lighter components to ±0.5 mole % and all times when pentenes content is likely to be above I
limited to 5 mole % to keep maximum error of lighter mole %, due primarily to error caused in propane and

V components to ±0.1 mole %. For a more accurate determi- propylene analysis.
nation of lighter components, for example, ethylene, ni- XI.2.1 Gases from representative reFnery streams can bt.
trogen, propyletr, and propane-gases from representati c run by a GLC method to obtain pentene ratios which then
refinery streams, are to be run by a GLC or IR method to can be used to calculate weighted sensitivity coefficients.
obtain ratos of the butenes present. Weighted sensiliity Alternatively, a C5 cut could be obtained from a low-
coefficients allow accurate analyses for lighter components temperature fractional distillation of a sample of the t)pe to
plus accurate total butene content through a 0 to 100 % be analyzed. The mass spectrum of this cut is recorded and

' er. Do * butene range. The continued accuracy obtained depends the contnbutions of the normal and isopentane and normal
. upon the stability of the refiihery operation units, therefore, butane present removed from the spectrum. The residual

checks from time to time by an independent method (GLC spectrum is t%,pical of the pntenes prcsent in samples of this
a or IR) enable mass spectrometric data processing groups to type.
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Xl.2.2 Obtain checks from time to time on the pentene' C6's as inaccurate due to errors possible in incorrectly .
ratios to maintain low deviation. -.- removing C6 contributions to lighter components.

XI1.3 Hex-enes-Obtain --weighted sensitivity coefficients- XI.3.1lIfwcightcd sensitivities are employed, iegard sam-
as explained in X1.2 for pentenes. However, a C6 fraction pies with over 2 Mole %o Of C6 as inaccurate due to probable 7-
from low-temperaure distillation will be difficult to correct variations in refinery units operation, since most operaition
for pentenes present and if this approach is utilized it is units try to keep C6's to a minimum in gas streams.

m Xl . Hexanes-Obtain weighted sensitivity coefficientssuggested that a total C6's residual spectrum be calculated a ecie nX..Teaon fhxnspeeti a
rather than attempting to correct out the C6 saturates. If a C6  sample are not to exceed I mole %, otherwise regard the
fraction is used, regard samples with more than I mole % of analysis as inaccurate as described in X1.3.

The American Society Wo Testing and Mfaterials; takes no position respecting the validity of any pzterrt rights as-sorted in connection IS
with any itom mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infingement of such rights, are enttrly their own responsibility. 1

Tistnadis subject to revision at aytime by the responsible technical committee and must be reviewed every five years and appari
If not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards apa
and should be addressed to ASTM Headquarters. Your comments will receive care fut consideration at a meeting 01 the responsible kap r
technical committee, which you may attend. /I you feel that your comments have not received a fair hearing you should mak~e your i-. to 17.
views known to the0 ASTM committee on Standa'ds. 1916 Race St., Philadelphia, PA 19103. 1.2
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Designation: E 537 - 86

Standard Test Method for
Assessing The Thermal Stability Of Chemicals By Methods Of
Differential Thermal Analysis

This standard is issued under the fixed designation E 537; the number immediately folloming the designation indicatcs the year of
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the )car of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproal.

INTRODUCTION

Committee E-27 is currently engaged in developing methods to determine the hazard potential
of chemicals. An estimate of this potential may usually be obtained by using program CHETAH
(ASTM DS 51) to compute the maximum energy of reaction of the chemical or mixture of
chemicals. 2

The expression "hazard potential" as used by this committee is defined as the degree of
susceptibility of material to ignition or release of energy under varying environmental conditions.

The primary purpose of this test method is to detect enthalpic changes and to approximate the
temperature of initiation of these events. Thermal analysis techniques including differential
thermal analysis (DTA) and differential scanning calorimetry (DSC) offer the advantage of using
very small samples on the order of a few milligrams. Revision of this test method has been
undertaken to extend the assessment of thermal stability of chemicals through use of atmospheres
at elevated pressure.

1. Scope E 473 Definitions of Terms Relating to Thermal

1.1 This test method covers the ascertainment of the Analysis3

presence of enthalpic changes, using a minimum quantity of E 967 Practice for Temperature Calibratton of Differential
sample, normally in the milligram range, and approximates Scanning Calorimeters and Differential Thermal
Ihe temperature at which these enthalpic changes occur. Analyzers 3

1.2 This test method utilizes techniques of differential
thermal analysis (DTA) and differential scanning 3 Terninology
calorime!'' (DSC); it may be performed on solids, liquids, or 3.1 Definitions:
slurries. 3.1.1 differential thermal analysis (DTA)-a technique in

1.3 This test method may be carried out in an inert or a which the temperature dtfference between the substance and
reactive atmosphere with an absolute pressure range from a reference material is measured as a function of temperature
100 Pa through 7 MPa and over a temperature range from while the substance and reference material are subjected to a
-150"C to above I 000*C. controlled temperature program (ITCA, 1980) (see Defini-

1.4 This standard may involve hazardous materials, oper- tions E 473).
ations, and equipment. This standard does not purport to 3.1.2 differential scanning calorimetry (DSQC a tech-
address all of the safety problems associated with its use. It is nique in whicn the dtfrerence in energy inputs into a
the responsibility of the user of this standard to establish substance and a reference material is measured as a function

I appropriate safety and health practices and determine the of temperature while the substance and reference material
applicability of regulatory limitations prior to use. Specific are subjected to a controlled temperature program (ITCA,
safety precautions are given in Section 8. 1980) (see Definitions E, 473).

3.2 Descriptions of Terms Specific to This Standard:
2 R 3.2.1 DTA (DSQ curve-a record of a thermal analysis

dDocuments where the temperature diffrence (U7) or the energy change

2.1 ,ISTf Standards: (Aiq) is plotted on the ordinate and temperature or time is
472 Practice for Reporting Tliermoanal)ical Data 3  plotted on the abscissa (see rigs. I and 2 and Definitions

E ,173).
3.2.2 peak-that portion of a heating curve which is

This test method is under the junsJdiion of ASTM Committee E-27 on attributable to the occurrence of a single process. It is
|luard Potential of Chemicals and i the direct responsibility of Subcommittee normally characten.ed by a deviation from the established
t2702 on Thermal Stability. baseline, a maxin dlction, and a reestabhshment of a

Cnent ediun approved JLAy 25, 19S6 Published September 1986 Oninally

;.Nlishcd as E 537 - 7;6 Lst prcsous edition E "537 - 84. baseline not ncessarily identical to that before the peak (see
A complete assUmsment of the hazard poten" ,I of chemicals must take into Fig. I).I-ount a numbe" of realistic (acior not considered in this test method or the

CII.ET36ll program. NOTE I-There %Lll be instances %hen upon scanning in t.-rpera-

'I.rrual Book of.S.tTM Starddrds. Vol 14 02. lure an cndo:hcrni %.ill t< vA ,srcd that is tninicdiatcly follo%4cd by or is
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FIG. 1 Typical DTA-DSC Curve wTth Exotherm FIG. 2 Thermogram Illustrating a Melting Process Immediately spherFollowed by an Exothermic Decompositon 7.2

or Din conjunction with an exotherm as shown in Fig. 2. This tTe of from the initially established baseline of the temperature degre
competing reactions makes it difficult and at times impossible to locate record. nents
the true peak and onset temperatures. inclut

3.2.3 peak temperature-the temperature corresponding 7.2
to the maximum deflection of the D rA or DSC curve. 5. Significance and Use 7

3.2.4 onset temnpcratre-thc tempcrature at whikh a 5.1 This test method is useful in detecting potentially MPa.
deflction from the established baseline is first observed, hazardous reactions including those from volatile chemicals 7.2

3.2.5 etrapolatcd onset tcmnpcratre-empirically, the and in estimating the temperatures at which these reactions 7.2
temperature found by extrapolating the baseline (pnor to the occur This test method is'recommended as an early test for 7.2
peak) and the leading side of the peak to their intersection detecting the reactive hazards of an uncharacterized chem- equir

ical substance or mixture (note Section 8). 7.21). 5.2 The magnitude of change of enthalpy may not neces- 7.33.2.6 reaction-any transformation of material accompa- sarily denote the relative hazard. For example, certain ambitS nied by a change of enthalpy which may be endothermic or sal eoeterltv aad o xmlcran referenedbamothermic exothermic reactions are often accompanied by gas evolution
exothermic. which increases the potential hazard. Alternatively, the the sp

3.2.7 thermal stability-the absence of a reaction (foe the extent of energy release for certain exothermic reactions may 8. Sa
purposes of this test method only, see 3.2.6). differ widely with the extent of confinement of volatile

products. Thus, the presence of an exotherm or of an 8.1
4 endotherm ind its approximate temperature are the most mate.Summary JS'l"Metd significant criteria in this test method (see Section 3 and Fig. preca

4.1 In DTA, thermocouples for both the sample and 1). testin
reference material are connected in series-opposition so as to 5.3 When volatile substances are being studied, it is 8.2
measure a temperature difference (AT). An additional ther- important to perform this test with a confining pressurized the u.
mocouple is provided to measure the absolute temperature atmosphere so thattwchanges of enthalpy which can occur is dat
(7) of the sample or reference. above normal boiling or sublimation points may be detected. 8.3

4.2 In DSC, a measurement is made of the energy change As an example, an absolute pressure of 1.14 MPa (150 psig) elevat
(Aq) associated with the observed change of enthalpy. will generally elevate the boiling point of a volatile organic ated
Provisions are made to measure the absolute temperature (1) substance 100C. Under these conditions exothermic decom. servec
of the sample or reference or the average temperature of position is often observed. 9. C
both. 5.4 For some substances the rate of enthalpy change

during an exothermic reaction may be small at normal 9.14.3h maplet refeee mateal t earc placed n separate atmosphric pressure, making an assessment of the temper. absoltthermally inert reference materil ature of instability difficult. Generally a repeated analysis at Practihesa an elevated pressure will improve the assessment by in.4ne ulhe sample and reference materials are simula- creasing the rate of change of enthalpy. 10. S
neously heated at a controlled rate of up to 30mCain under 5.5 Although certain types of thermal analysis instrumen. 10.

funtion ofui atmosphere, d of A7or q is mtation offer the additional advantage of measuring the upona function of temperature (T) Ahternatiely. the temperature magnitude of the change in cnthalpy, such meastrements are reqta
of the sample and reference ma) be increa'.cd to a fixd and beyond the scope of this test method. The three significant the cl.
predetcrmincd %alue and a record of AT or A4 made as a criteria of this test method arc. the detection of a change of sampl
function of time (). cnthalpy; the approximate temperature at which the event suddc.

4 5 When the sample undergoes a transition in'olhing a occurs, and the observance of effects due to the cell atmos. fore. I
change of cnthalpy, that change is indicated by a departure phere and pressure. possib
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6. Limitations 10.2 Samples should be representative of the material
6.1 A host of environmental factors affect the existence, being studied including particle size and purity.

magnitude, and temperature of an exothermic reaction. 10.3 The reference material must not undergo any
Some, including heating rate, instrument sensitivity, degree thermal transformation over the temperature range under
of confinement, and atmosphere reactivity will affect the study. Typical reference materials include calcined alu-
detectability of an exothermic reaction using this procedure. minum oxide, glass beads, silicone oil, or an empty con-
Therefore, it is imperative that the qualitative results ob- tainer.
tained from the application of this test method be viewed 10 4 Samples shall be prepared to achieve good thermal
only as an indication of the thermal stability of a chemical. contact between them and their containers. For liquid

samples it is recommended that approximately 20 % by
7. Apparatus weight of an inert material like aluminum oxide be added to

7.1 The equipment used in this test method shall be the sample.
capable of displaying changes of enthalpy as a function of 11. Recommended Condiiiois of Tests
either time () or temperature (7), and shall have the
capability of subjecting the sample cell to different atmo- 11.1 Sam1le.S¢.,-A 5-mg sample is generally considered

diately spheres of equilibrated pressures. adequate. Decreae the sample si/e if the response is too
7.2 The differential thermal analytical instrument (DTA energetic.

or DSC) may be-purchased or custom built to various 11.2 lleating Rate-A rate of 10 to 30"C/min is consid-
perature degrees of refinement and sophistication. The basic compo- cred normal. If an endothcrmic response is immediately

nents of an apparatus satisfactory for this test method followed by an cxothcrm (Note 1, Fig. 2), then lower heating
include: rates of 2 to 10C/min are recommended.

7.2.1 Sample containers, 11.3 Temperature Range-The temperature shall range
7.2.2 Measuring cell capable of containing a pressure of 7 from room temperature to 500"C.

intially ,Pa, 11.4 Pres3ure Range-An equilibrated absolute pressure
emicals 7.2.3 Heating unit, of 1.14 MPa (150 psig) is adequate for most elevated pressure
actions 7.2.4 Programmable temperature controller, tests.

'test for 7.2.5 Continuous temperature measuring and recording 11.5 Y-Lxis Sensitiiity-The equivalence of Im W/cra .s
chem" equipment, and usually sufficient to record the entire exotherm. Decreases in

7.2.6 Stable, adjustable pressure supply. y-axis sensitivity may be necessary if the reaction is too
a neces- 7.3 Analysis may be initiated at a temperature below energetic.

certain ambient by providing a means of cooling the sample and
kolution reference, their respective containers, and the heating unit to 12. Procedure
I/, the the same initial temperature. 12.1 Prepare a sample of the material to be examined and
SmS Pof the reference material in respective contair.ers and place

7 volatile into the measuring cell. Be certain intimate thermal contact
a of an 8.1 The use of this test method as an initial test for with the sensors is achieved. (See 10.1 for appropnate sample

e most material whose potential hazards are unknown requires that size.)

and Fig. precautions be taken during the sample preparation and NOTE 2-For volatile matenals it is often of interest to examinetesting. thermal stability at temperatures beyond the normal boiling or sublima-
*d, it is 8.2 Where particle size reduction by grinding is necessary, non point. Additionall), samples suspect of being Potentially energetic

.ssurized the user of the test method should presume that the material may cxhibit nondescnpt cxuthcrnuc acti ity at ambient pressure. In-aour is dangerous. either situation a repeat analysis in an atmosphere of elevated pressure"an occur 8.3 The use of this test method may require operation at using either scaled sample ,'ontainer or a Pressunzed measunng cell isetected. . reconmmended.

0eO psig) elevated temperatures and pressures. All precautions associ-
ated with such temperatures and pressures should be ob- 12 2 For equipment that includes a pressurizable mea-organic uigclsaanorc served. suritg cell, seal and adjust the measuring cell atmosphere todeco. the desired equilibnuim pressure. An absolute pressure of

change 9. Calibration 1.1-1 MPa is recommended for an elevated pressure thermalnormal 9.1 For purposes of this test method, calibrate the the analysis of organic substances using this test method.temper- absolute temperature scale within ±2"C in accordance with Noir 3-When sealed containers are used. they should be providedlmper- Practice E 967. with a vent (pinhole) to ensure that the internal pressure is inalysis a c equilihbnum %,ith the applied pressure.

y -10. Sample and Reference Mterials 12.3 For equipment that cannot maintain an elevated

trumen- 10.1 The selection ofan adequate sample size will depend pressure within its measuring cell. place the sample and
'Eng the upon the avalability of the material, the degree of dilution refrcrce matcrials in hermetically sealed contatners with all

Etents are required, the sensitivity of the instrument, the magnitude of appropriate atmtosphere.
-nificant the change of cnthalpy, and the heating rate. Additionally, N orr 4-11rmetially saled containers %0I sl'pressunie duc to
lange of sample size must be compatible with tihe potential for a increase.d partial sealures %4 tih incerasing tselmrrature. Ior most

flie event sudden large energy release. This test method should, there- samples. hovecser. this internal pressure %%ill not be known but is
I atmos- fore, be carried out on as small a quantity of matenal as t)pkjall, Ilssthan 3uO LPai thIs approach is. thercfore. a less satisfactory

possible, tpically I to 50 mg. altcrnatie for cle'.atcd pressure thermal anal)sts than a pressurized cell.
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!2.4 Heat the measuring cell at a controlled rate of up eo 13.1.2 Apparatus and sample containers,

30"C/min and record the DTA or DSC curve. Continue 13.1.3 Composition and pressure of the sample atmos-
heating until the highest temperature of interest is recorded phere,
or until the sample is destroyed or is lost by volatilization. 13.1.4 Heating rate and temperature range, and
For most organic compounds the normal temperature range 13.1.5 '-axis sensitivity.
is from 20 to 500"C. 13.2 Determine the onset, extrapolated onset, and peak

NOTE S-Any increase in heating rate may accentuate the recordec temperatures of all reactions recorded from the DTA (DSC)response for the ordinate but will also increase the measured onset curve.
temperature of an exothermic reaction. 13.3 When a thermal analysis is repeated using a different

atmospheric composition or pressure or a different heating12.5 Restore the measuring cell to ambient temperature rate, note any significant changes in the DTA (DSC) curves
and pressure upon completion of the analysis. resulting from the different experimental conditions. The

12.6 It may be informative to repeat the analysis at a magnitude of the recorded change ofenthalpy, if measurable,
slower heating rate (2"C/min to 10"C/min) when a complex may be significant but is beyond the scope of this test to
change of enthalpy is encountered (see Fig. 2 and Note i). method. che

gra
13. Report 14. Precision and Bias cortrut

13.1 Reporting of thermal data generated with this test 14.1 The object of this test method is to ascertain the of,
method should comply with that outlined in Practice E 472 presence or absence of an exotherm and the approximate me:
including a complete description of: temperature of onset. Neither the magnitude of the exotherm I

13.1.1 Sample and reference by name, composition, com- nor the absolute value of the onset temperature are critical to bet,
bination thereof, or formula, o the test method.

progra(
The American Society for Testing and Materials takes no position respecting the validity of any patent rights assorted in connection fgaswith any item mentioned in this standad. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of Infrinment of such rights, ae entirely their own responsibility. and
This standard is subject to revision at any time by the responsible technical committee and must be reviewed every ive years and of

if not revised, either reapproved or withdrawn. Your comments ate Invited either for revision of this standard or for additional stanoards m icand should be addressed to ASTM Hekadquartets. Your comments will receve careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 1
views known to the ASTM Committee on standards. 1916 Race St.. Philadelphia. PA 19103. atiO
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